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A DIVISION OF PACIFICORP

September 26, 2008

Via Electronic Mail Only

Ms. Dorothy Rice

Executive Director

State Water Resources Control Board
1001 | Street, 15" Floor

Sacramento, CA 95814

Subject: Resubmittal of Section 401 Water Quality Certification for PacifiCorp
Energy’s Klamath Hydroelectric Project (FERC No. 2082), Siskiyou
County

Dear Ms. Rice:

In February 2004, PacifiCorp (now PacifiCorp Energy) applied to the Federal Energy
Regulatory Commission for a new major license for its Klamath Hydroelectric Project
(Project) on the Klamath River in California and Oregon. In conjunction with that
application, PacifiCorp Energy on March 29, 2006, requested that the State Water
Resources Control Board (SWRCB) certify the California portions of the Project
pursuant to section 401 of the federal Clean Water Act (33 USC § 1341, California Water
Code § 13160, and 23 C.C.R. Chpt. 28). This request was withdrawn and simultaneously
resubmitted to the SWRCB on February 28, 2007, and again on February 22, 2008. More
recently, on July 11, 2008, PacifiCorp withdrew its application to facilitate settlement
negotiations for a long-term settlement of the project. By letters dated August 22, 2008
and September 22, 2008, the SWRCB requested that PacifiCorp resubmit its application
for water quality certification so that the certification process could continue.

PacifiCorp Energy hereby resubmits, as of the date of this letter, a request for
certification of the California portions of the Project pursuant to section 401. The
resubmitted application is substantively identical to the application that was withdrawn
on July 11, 2008.

As requested by SWRCB staff counsel Marianna Aue in an electronic mail to our counsel
Robert Donlan, dated September 24, 2008, this certification request is being submitted
electronically rather in paper form. Please acknowledge receipt of this letter and the water
quality certification application to confirm acceptance of this application. Also, please
confirm that this date marks the commencement of the one year period for acting on the
certification application, as specified in section 401 of the Clean Water Act.

Pursuant to applicable statutes and regulations, PacifiCorp Energy is providing notice of
the resubmitted application to the Executive Officer of the North Coast Regional Water
Quality Control Board, via copy of this letter.



Ms. Dorothy Rice
September 26, 2008
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If you have any questions on the application, please feel free to contact me at (503)
813-6011.

Sincerely,

by E S
Cory Scott
Klamath Licensing Manager

Enclosure

cc: Ms. Nancy Aquino, SWRCB
Ms. Catherine Kuhlman, NCRWQCB
Ms. Jennifer Watts, SWRCB
Ms. Marianna Aue, SWRCB
Ms. Linda Prendergast, PacifiCorp
Mr. Robert Donlan, Ellison, Schneider & Harris
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EXECUTIVE SUMMARY

PacifiCorp’s Klamath Hydroelectric Project (Project) is located in the middle of one of the region’s most
diverse and complex aquatic ecosystems. In many ways, the Project forms the dividing line—and
provides a buffe—between two different aquatic environments. Above the Project is Upper Klamath
Lake, a hypereutrophic lake and one of the most productive large lakes in North America. Severe water
quality impairment in Upper Klamath Lake has been documented extensively during the past century.
Upper Klamath Lake is the “driver” of flow and water quality in the Upper Klamath River and, during
many parts of the year, dictates water quality throughout the entire river to the estuary at the Pacific
Ocean.

In addition to Upper Klamath Lake, water quality in the Project area is affected by irrigation diversions
for agricultural uses, and by discharges from agriculture, municipal, and industrial operations.
Downstream of the Project is one of the most important salmonid fisheries on the West Coast. The
Klamath River supports a commercial fishery, Native American uses, and a recreational fishery. The Iron
Gate fish hatchery is a significant contributor to the Klamath River salmonid fishery, producing on an
annual basis 5,000,000 to 8,000,000 Chinook salmon, 71,000 coho salmon, and 200,000 steelhead
juveniles. During warmer parts of the year, hatchery operations depend on cool water stored in the
hypolimnion of Iron Gate reservoir.

From a water quality perspective, the Klamath River is often described as an “upside down” system.
Unlike every other major river system in California, water quality generally improves—significantly—as
it moves downstream from Upper Klamath Lake to the estuary. The Project contributes to this process by
slowing the transit time of water from Upper Klamath Lake to the lower river. Except during high winter
flows, the transit time of water released from above the Project to the estuary is between 1 and 2 months.1
This transit time allows for settling and processing of impaired water quality from Upper Klamath Lake
and other upstream sources as it moves through the Project. But for the Project, this settling and
processing would otherwise occur in the lower river and estuary.

Because of the unique and complex nature of the Klamath River environment and the Project’s place and
function within the system, determining the Project’s effects on water quality conditions is difficult. In
processing this application for water quality certification, the key issue is the Project’s contribution to
water quality conditions, and the controllable water quality factors reasonably available to address the
Project’s contribution to compliance with water quality objectives and protection of beneficial uses.

With respect to most water quality parameters and beneficial uses within and below the Project, the
Project is neutral or has a beneficial effect. As described above and in Section 4.2 of this application, the
Project allows settling and processing of substantial amounts of the large nutrient and organic load from
Upper Klamath Lake. The effects of nutrients and organic matter in the Lower Klamath River on the
Klamath River fishery are not well understood.

As a natural consequence of reservoir processes, however, the Project can affect temperature and
dissolved oxygen conditions below the Project during some periods of the year. Most dissolved oxygen
concerns in the Klamath River within and immediately below the Project are the result of large organic
loads from upstream of the Project, natural barometric pressure, and temperature conditions in the Project
area. During many times of the year, these conditions create saturation levels that make attainment of
existing water quality objectives impossible. Although the Project does not contribute to these natural
conditions, the conditions in Project reservoirs can at times affect dissolved oxygen discharges from Iron

1n the absence of the Project facilities, the transit time of water through the system would be approximately 1 week during the
summer.
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Gate reservoir. As described in this application, PacifiCorp proposes to implement oxygenation systems
at Copco and Iron Gate reservoirs to enhance dissolved oxygen in the reservoirs and increase dissolved
oxygen levels below Iron Gate dam.

During the fall months, the Project can contribute to elevated temperature conditions below Iron Gate
dam. The mass of water at Iron Gate reservoir naturally causes a thermal “lag” as water passes through
the reservoir, increasing the temperature of reservoir releases as compared to without-dam conditions.
This thermal lag does not appear to affect beneficial uses, however, as water temperatures tend to be
decreasing during this period to levels that are suitable for anadromous fish and other beneficial uses.
PacifiCorp is nevertheless committed to working with the State Water Resources Control Board and
fisheries agencies to explore opportunities for using the limited cool water storage in Iron Gate reservoir
to protect and enhance beneficial uses downstream of Iron Gate dam. Of course, such uses must be
balanced against, and reconciled with, existing cool water needs at the Iron Gate fish hatchery.

It is important to recognize that this water quality certification will not, and cannot, address all of the
water quality and fisheries issues in the Klamath Basin. Many of these broader issues must be addressed
in other forums and processes, such as the existing Total Maximum Daily Load process. This certification
cannot address nutrient and organic loading upstream of the Project, and will not address anadromous
fishery reintroduction issues. Those issues would logically be addressed in tandem with solutions to water
quality impairment upstream of the Project from Upper Klamath Lake and other sources, and would
involve a much broader set of objectives than the scope of this particular water quality certification.2
Likewise, this water quality certification should not address activities and facilities affecting water quality
in Oregon, even if those activities or facilities affect water quality in California.

2 In this water quality certification, the State Water Resources Control Board is asked to address discharges that originate in
California (33 U.S.C. § 1341(a)(1)). The state of Oregon, acting through its Department of Environmental Quality (ODEQ), will be
issuing a water quality certification to PacifiCorp for discharges originating in the Oregon sections of the Klamath River. Concerns
about water quality resulting from discharges in Oregon should be addressed to ODEQ), the U.S. Environmental Protection Agency,
and FERC pursuant to the provisions of Section 401(a)(2) of the Clean Water Act (see 33 U.S.C. § 1341(a)(2)).
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1.0 INTRODUCTION

This document contains PacifiCorp’s application to the State Water Resources Control Board (State
Water Board) for certification of the Klamath Hydroelectric Project (Project) pursuant to Section 401 of
the federal Clean Water Act (CWA), 33 USC § 1341, and is submitted in compliance with the require-
ments of 23 CCR § 3856. This request supersedes PacifiCorp’s March 29, 2006 and February 28, 2007
certification requests to the State Water Board. Because Section 401 provides that a state waives its
certification authority if it does not act on a certification request within one year, PacifiCorp is withdraw-
ing and resubmitting its request to allow the State Water Board additional time to consider it. This new
request, however, includes revised Project proposals and additional water quality and other information.

The Project is owned and operated by PacifiCorp and is located along the Upper Klamath River in
Klamath County, south-central Oregon, and Siskiyou County, northern California. The Project currently
consists of seven hydroelectric generating facilities on the Klamath River and Fall Creek, as well as
associated transmission lines. The Project was constructed between 1902 and 1967 and has a total rated
capacity of 161 megawatts (MW).

The Federal Energy Regulatory Commission (FERC) licenses the Project under the Federal Power Act
(Project No. 2082). Because the current license for the Project expires in March 2006, PacifiCorp applied
to FERC in February 2004 for a new license. The application is pending. Under federal law, PacifiCorp
will continue to operate the Project under the terms of the previous license until FERC takes final action
on the pending license application.

Under CWA Section 401, the applicant for a federal license for an activity that may result in a discharge
to “waters of the United States” must provide the licensing agency with a certification from the state in
which the discharge originates that the discharge will comply with CWA Sections 301, 302, 303, 306, and
307. These sections include state water quality standards approved by the U.S. Environmental Protection
Agency (EPA).

In California, the agency authorized to issue Section 401 certifications for hydroelectric projects is the
State Water Board (Water Code § 13160). PacifiCorp submits this certification application to the State
Water Board for the California portions of the Project. PacifiCorp is simultaneously submitting a Section
401 certification application to the Oregon Department of Environmental Quality (ODEQ) for the Oregon
portions of the Project.

This document is organized as follows:
e Section 2.0 provides general information concerning the application and the Project.

e Section 3.0 describes the Project facilities and operations, and PacifiCorp’s proposed measures and
modifications to the Project.

e Section 4.0 provides an overview of the Klamath River in and around the Project area, including a
summary of historical water quality conditions in the basin, current conditions and processes affecting
water quality, a summary of the effects of basin water quality on Klamath River fisheries, and a
summary of the Project’s influence on the Klamath River environment.

e Section 5.0 provides a detailed discussion of the Project’s effects on water quality and the measures
proposed to enhance water quality and designated beneficial uses.

e Section 6.0 provides a bibliographic listing of literature cited in the application.
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2.0 GENERAL PROJECT INFORMATION

This section provides general information about the Project and the certification application as required
under 23 CCR § 3856.
2.1 PROJECT OWNER AND AUTHORIZED AGENT
The name, address, and telephone number of the Project applicant is:

PacifiCorp

825 N.E. Multnomah Street, Suite 2000

Portland, OR 97232

(503) 813-6011

Applicant Agent

Mr. Cory Scott

Project Manager, Hydro Licensing
PacifiCorp

825 N.E. Multnomah Street, Suite 1500
Portland, OR 97232

(503) 813-6011

2.2 PROJECT DESCRIPTION AND PURPOSE

This section describes (1) the Project location, (2) Project facilities located in California, and (3) the
purpose and final goal of the Project.

2.2.1 Project Location

The Project area consists of the Upper Klamath River in Klamath County (south-central Oregon) and
Siskiyou County (northern California). This area includes hydroelectric generation facilities on
Fall Creek, tributary to the Klamath River in Siskiyou County, California, and a diversion facility on
Spring Creek, tributary to Jenny Creek (hence the Klamath River) in Jackson County, Oregon.

Figure 2.2-1 is a map of the Project area. Detailed maps of Project facilities are contained in Exhibit G of
PacifiCorp’s 2004 FERC application (PacifiCorp, 2004d). These maps also delineate the proposed Project
boundary.

2.2.2 Description of Current and Proposed Project Facilities in California

Copco No. 1 Development at RM 198.6. The Copco No. 1 Development consists of a reservoir, dam,
spillway, intake, and outlet works and powerhouse located on the Klamath River between approximately
RM 204 and RM 198 near the Oregon-California border. Copco No. 1 is downstream of the J.C. Boyle
dam and upstream of Copco No. 2 dam. The powerhouse has a turbine with a nameplate generating
capacity of 20 MW.

Copco No. 2 Development at RM 196.8. The Copco No. 2 Development consists of a diversion dam,
small impoundment, water conveyance system, and powerhouse. The dam is located approximately
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4 mile downstream of Copco No. 1 dam. The powerhouse has a turbine with a nameplate generating
capacity of 27 MW.

Iron Gate Development at RM 190. The Iron Gate Development consists of a reservoir, an earth
embankment dam, an ungated side-channel spillway, intakes for the diversion tunnel and penstock, a steel
penstock from the dam to the powerhouse, and the powerhouse. The powerhouse has a turbine with a
nameplate generating capacity of 18 MW. It is located approximately 20 miles northeast of Yreka,
California, and is the farthest downstream hydroelectric facility of the Project.

Fall Creek Development. The Fall Creek Development is located on Fall Creek, a tributary to the Iron
Gate reservoir, approximately 0.4 mile south of the Oregon-California border. Additional diversion
facilities are located on Spring Creek in Oregon. The facilities on Fall Creek consist of a concrete and
timber flashboard spillway structure, an earth- and-rock-filled diversion dam, 4,560 feet of earthen and
rock-cut power canal, 2,834 feet of steel penstock, and a powerhouse.

Additional Project facilities located in Oregon are as follows:

e The Spring Creek diversion, on Spring Creek in Jackson County Oregon. Spring Creek is a tributary
to Jenny Creek. Both Jenny and Fall creeks flow into California, where they enter the Klamath River.
Water diverted to Fall Creek from Spring Creek flows down Fall Creek to a point in California, where
PacifiCorp diverts a portion of Fall Creek to the Fall Creek powerhouse, which is also located in
California.

e J.C. Boyle powerhouse is at RM 220.4 and J.C. Boyle dam is several miles upstream at RM 224.7.
The powerhouse contains two generating turbines with a nameplate generating capacity of 50.35 MW
at unit 1 and 40 MW at unit 2.

e Keno dam (RM 233) is a regulating facility with no generation capability. PacifiCorp proposes to
exclude Keno dam from the FERC-licensed Project because no power generation is associated with
the dam, and therefore the dam is not within FERC’s regulatory jurisdiction.

o The East Side (3.2 MW) and West Side (0.6 MW) powerhouses are associated with the U.S. Bureau
of Reclamation (USBR) Link River dam. The developments are located near RM 254 within the city
limits of Klamath Falls, Oregon. PacifiCorp proposes to decommission the East Side and West Side
developments and to remove them from the FERC-licensed Project.

2.2.3 Project Purpose and Final Goal

In February 2004, PacifiCorp submitted the final application to FERC for a new project license
(PacifiCorp 2004a, 2004b, 2004c, 2004d). The newly proposed project would remove from service the
East Side and West Side Developments and FERC boundaries associated with these developments. It
would also remove the Keno Development and associated FERC boundary because this facility does not
have installed generation and does not substantially benefit generation at PacifiCorp’s downstream
hydroelectric developments. The existing Spring Creek diversion is proposed for inclusion with the Fall
Creek Development. In some areas, Project FERC boundaries have been expanded to incorporate
additional recreation areas and recreational access and terrestrial areas.
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Figure 2.2-1 Klamath Hydroelectric Project Location

(11x17 color)
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Figure 2.2-1 Klamath Hydroelectric Project Location

(11x17 color)
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2.3 WATERS AFFECTED BY OR POTENTIALLY AFFECTED BY THE PROJECT

The California waters affected or potentially affected by the current Project are the Klamath River from
the Oregon border (at approximately RM 209) to the Pacific Ocean. In addition, the Project includes a
hydroelectric generation facility on Fall Creek, tributary to the Klamath River and Iron Gate reservoir.
Project facilities and reaches in California (from upstream to downstream) are as follows:

e Klamath River from the Oregon-California border at RM 209.2 (below the J.C. Boyle powerhouse in
Oregon at RM 220) to the head-end of Copco reservoir at RM 203.2. This portion of the river
comprises the lowermost 6 miles of the reach referred to as the “J.C. Boyle peaking reach.”

e Copco reservoir on the Klamath River from RM 198.6 to RM 203.2. Copco reservoir is about
4.6 miles long, with a surface area of 1,000 acres and a maximum depth of about 115 feet.

e Copco No. 1 dam and powerhouse at RM 198.6. Copco No. 1 dam is 126 feet high and 415 feet long,
and the powerhouse has a hydraulic capacity of 3,200 cfs.

e Copco No. 2 dam at RM 198.3 and re-regulating impoundment from RM 198.3 to RM 198.6. Copco
No. 2 dam is 33 feet high and 278 feet long, and the impoundment is about 0.3 mile long with a
maximum depth of about 28 feet.

e Copco No. 2 bypass reach on the Klamath River from RM 196.8 to RM 198.3.

e Copco No. 2 powerhouse on the Klamath River at RM 196.8. This powerhouse has a hydraulic
capacity of 3,200 cfs.

e Iron Gate reservoir on the Klamath River from RM 190.5 to 196.7. Iron Gate reservoir is about
6.2 miles long, with a surface area of 944 acres and a maximum depth of about 162 feet.

e Iron Gate dam and powerhouse (downstream-most facility) on the Klamath River at RM 190.5. Iron
Gate dam is 173 feet high and 740 feet long, and the powerhouse has a hydraulic capacity of
1,735 cfs.

e The Fall Creek Development on Fall Creek, a tributary to Iron Gate reservoir. The Fall Creek
Development consists of two small diversion dams, an earthen ditch, a penstock, and a powerhouse.
The uppermost diversion is located on Spring Creek, which when in use diverts water to Fall Creek.
The lowermost diversion on Fall Creek then diverts water into the earthen ditch that supplies the
powerhouse.

The Project’s transmission lines cross several small drainages and tributaries of the Klamath River, as
well as the river itself. The stream crossings are identified in Exhibit G of PacifiCorp’s 2004 FERC
application (PacifiCorp, 2004d). The transmission lines do not adversely affect water quality. Although
each transmission line corridor is generally 100 feet wide (and corridors are sometimes parallel and
adjacent to each other), no transmission facilities are physically located within a water body, and riparian
vegetation is retained at stream crossings wherever possible.
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2.4 FERC LICENSE FOR THE PROPOSED PROJECT

2.4.1 FERC License

FERC licenses the Project under the Federal Power Act (Project No. 2082). The current license for the
Project expired in March 2006, and PacifiCorp applied to FERC in February 2004 for a new license. The
Final License Application filed with FERC in February 2004 is available on FERC’s website at
www.ferc.gov, under docket number P-2082, and is incorporated into this application by reference. Final
action by FERC on the license application is pending. Under federal law, PacifiCorp will continue to
operate the Project under the terms of the current license until FERC takes final action on the pending
license application.

2.4.2 FERC Notices

To date, FERC’s public notices concerning PacifiCorp’s application for a new license for the Project have
been procedural notices. These have included, for example:

e “Notice of Intent to File Application for a New License” (February 7, 2001)
o “Notice of Application Filed with the Commission” (February 26, 2004)

e “Notice of Intent to Prepare an Environmental Impact Statement (EIS), Conduct Public Scoping
Meetings and a Site Visit” (April 16, 2004)

e “Notice of Application Ready for Environmental Analysis and Soliciting Comments,
Recommendations, Terms and Conditions, and Prescriptions” (December 28, 2005)

o “Notice of Authorization for Continued Project Operation” (March 9, 2006)

o “Notice of Availability of the Draft Environmental Impact Statement for the Klamath Hydroelectric
Project and Intention to Hold Public Meetings” (September 25, 2006)

e “Notice of Intention to Hold Public Meetings for Discussion of the Draft Environmental Impact
Statement for the Klamath Hydroelectric Project” (October 5, 2006)

e “Notice of Intent to Hold an Additional Public Meeting for Discussion of the Draft Environmental
Impact Statement for the Klamath Hydroelectric Project and Extending Comment Deadline”
(November 2, 2006)

e  “Notice of Intent to Hold an Additional Public Meeting for Discussion of the Draft Environmental
Impact Statement for the Klamath Hydroelectric Project” (November 9, 2006)

e “Notice of Availability of the Final Environmental Impact Statement for the Klamath Hydroelectric
Project” (November 16, 2007)

These FERC notices and supporting information are part of the public FERC docket for the license
application, and PacifiCorp understands that the State Water Board has copies of the notices and
supporting information. The notices are also available on FERC’s website at www.ferc.gov, under docket
number P-2082, and are hereby incorporated by reference.
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2.4.3 Documents Filed in Connection with the 401 Application

Table 2.4-1 lists documents that were previously submitted by PacifiCorp to the State Water Board or
which PacifiCorp believes are already in the State Water Board’s possession. These documents are
incorporated by reference in this 401 application.

Table 2.4-1. List of Documents Filed in Connection with the 401 Application

FERC FLA Document Date Description
Volume I (Exhibits A, B, C, D, and H) | February 2004 Exhibit A—Project Description
Exhibit B—Project Operation and Resource Utilization
Exhibit C—Construction History and Proposed
Construction
Exhibit D—Statement of Costs and Financing
Exhibit H—Plans and Ability of Applicant to Operate
Project Efficiently for Relicense
Volume II (Exhibit E) Exhibit E—Environmental Report
Volume I1I (Exhibit E) Exhibit E—Environmental Report Appendices
Volume IV (Exhibit F) Exhibit F—Design Drawings
Volume V (Exhibit G) Exhibit G—Maps
FTR Documents Date Description
Fish Resources February 2004 Fisheries Analysis of Project
Land Use, Visual, and Aesthetic Land Use, Visual, Aesthetic, and Socioeconomic
Resources & Socioeconomic Resources Analysis of Project
Recreation Resources Recreational Analysis of Project
Terrestrial Resources Terrestrial Analysis of Project
Water Resources Water Resources Analysis of Project
Cultural Resources Cultural Resources Analysis of Project
Additional Information Requests Date Description
Dissolved Oxygen Enhancement at May 16, 2005 Documents the advantages and disadvantages of the

Iron Gate

two alternative systems that were proposed to alleviate
the dissolved oxygen issues downstream of the Iron
Gate Development

Reservoir Sediment Characterization

May 16, 2005

Provides additional information on the quantity and
grain size of the material within project reservoirs that
could be subject to resuspension from altered project
features or operations

Input and Output Data Files for Water
Quality Modeling

April 1, 2005
Additional submis-
sion December 12,
2005

Includes electronic input and output files of all water
quality modeling runs that have been presented to the
Commission and stakeholders

Hourly and Daily Hydrologic Data

Parts b and c (daily
and basis) submitted
April 1,2005; Part a
(hourly) filed

May 3, 2005

Includes hourly and hydrologic data to facilitate
analysis of the existing flow regime in the river,
spillage, and through the turbines as well as the
reservoir elevations
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Table 2.4-1. List of Documents Filed in Connection with the 401 Application

Geomorphology Information

Submitted
September 16, 2005

Includes available empirical data documenting
channel conditions downstream of Iron Gate dam, all
available aerial photographs, and various revisions of
the sediment budgets

Additional Information Request AR-1(a) | September 2005 Includes revisions to schedule in order to fully
evaluate the potential costs and benefits of installing
temperature control structures at the Copco and Iron
Gate reservoirs

Instream Flow Studies and Analysis of | Submitted July 2005 | Instream flow addendum report in response to FERC

Effects on Aquatic Habitat and Other AIR AR-5

Flow-Dependent Resources

Evaluation of Effects of Flow Submitted August Analysis of effects of peaking on aquatic resources

Fluctuation on Aquatic Resources 2005 within the J.C. Boyle peaking reach. Part of

within the J.C. Boyle Peaking Reach PacifiCorp’s response to FERC AIR GN-2

Other Submittals to State Water
Board Date Description

PacifiCorp 2007 Water Quality Study
Plan

Submitted May 11,
2007

Study plan describing water quality studies by
PacifiCorp within the Project area and the Klamath
River during 2007. Submitted via letter to Marianna
Aue (State Water Board) from Robert Donlan (Ellison,
Schneider & Harris, L.L.P.).

PacifiCorp Response to State Water Submitted August 7, | Includes detailed technical responses to State Water
Board’s Comments on PacifiCorp 2007 | 2007 Board’s comments on PacifiCorp’s 2007 Water Quality
Water Quality Study Plan Study Plan. Submitted via letter to Les Grober (State
Water Board) from Cory Scott (PacifiCorp).
Other Pertinent Documents Date Description

Causes and Effects of Nutrient Submitted in This report assesses the causes and effects of nutrient
Conditions in the Upper Klamath River | November 2006 in | conditions in the upper Klamath River in the vicinity of
(PacifiCorp 2006) conjunction with PacifiCorp’s Project.

PacifiCorp

comments on the

FERC DEIS

2.4.4 FERC’s Draft Environmental Impact Statement

In September 2006, FERC issued a Draft Environmental Impact Statement (DEIS) for the Project (FERC
2006) to fulfill the requirements of the National Environmental Policy Act (NEPA). The purpose of an
environmental impact statement is to inform FERC, the public, and the various federal and state agencies,
tribes, and non-governmental organizations about the potential adverse and beneficial environmental
effects of the proposed Project and reasonable alternatives. As described below in Section 2.4.6, FERC
issued the Final Environmental Impact Statement for the Project in November 2007. For context, this

section describes the DEIS.

The principal issues addressed by FERC in the DEIS include the influence of Project operations on water
quality, including downstream of Iron Gate dam; approaches to facilitate the restoration of native
anadromous fish within and upstream of the Project; the influence of peaking operations at the J.C. Boyle
Development on downstream biota and whitewater boating opportunities; the effect of Project operations
on archaeological and historic sites and resources of concern to various tribes; the effects of
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decommissioning East Side and West Side Developments and removing Keno Development from the
proposed Project; and decommissioning other Project developments.

The FERC DEIS evaluates PacifiCorp’s proposed Project, along with the terms and conditions,
prescriptions, and recommendations from resource agencies, tribes, and other interested parties. Based on
this evaluation, FERC staff compiled a set of proposed environmental measures to address the various
resource issues, and called the collection of these measures the “Staff Alternative” (described in detail in
Section 2.3.2 of the DEIS). The Staff Alternative incorporates most of PacifiCorp’s proposed
environmental measures, but in some instances with modifications.

The FERC DEIS is part of the public FERC docket for the license application, and PacifiCorp
understands that the State Water Board has copies of the DEIS. The DEIS also is available on FERC’s
website at www.ferc.gov, under docket number P-2082.

2.4.5 FERC’s Section 10(j) Determinations

Under Section 10(j) of the Federal Power Act (FPA), the license issued by FERC for the Project will
include conditions based on recommendations provided by federal and state fish and wildlife agencies for
the protection, mitigation, or enhancement of fish and wildlife resources. In response to FERC’s Ready
for Environmental Analysis (REA) notice of December 2005, Section 10(j) recommendations were
submitted for the Project in March 2006 by Oregon Department of Fish and Wildlife (ODFW), California
Department of Fish and Game (CDFG), U.S. Fish and Wildlife Service (USFWS), and the National
Marine Fisheries Service (NMFS). Section 10(j) states that whenever FERC believes that any of the
agency recommendations are inconsistent with the purposes and requirements of the FPA or other
applicable law, FERC and the agency shall attempt to resolve any such inconsistency, giving due weight
to the recommendations, expertise, and statutory responsibilities of the agency.

In the DEIS and follow-up letters to the agencies in October 2006, FERC issued its preliminary
determinations regarding the measures recommended by the agencies. FERC found that several of the
recommended measures were not within the scope of Section 10(j). For the 77 recommendations that
FERC considered to be within the scope of Section 10(j), FERC did not accept 35 on technical grounds,
but adopted the other 42 recommendations into the Staff Alternative as explained and summarized in the
FERC DEIS (see Table 5-2 in the DEIS).

2.4.6 FERC’s Final Environmental Impact Statement

In November 2007, FERC issued the Final Environmental Impact Statement (FEIS) for the Project
(FERC 2007) to fulfill the requirements of the National Environmental Policy Act (NEPA). The principal
issues addressed by FERC in the FEIS were similar to those addressed in the DEIS (described above in
Section 2.4.4), including the influence of project operations on water quality; approaches to facilitate the
restoration of native anadromous fish within and upstream of the Project; the influence of peaking
operations at J.C. Boyle Development on downstream biota and whitewater boating opportunities; the
effect of Project operations on archaeological and historic sites and resources of concern to various tribes;
and the effects of decommissioning the East Side and West Side Developments and removing Keno
Development from the Project. As in the DEIS, the FEIS evaluates PacifiCorp’s proposed Project, along
with the terms and conditions, prescriptions, and recommendations from resource agencies, tribes, and
other interested parties.

Based on this evaluation, FERC staff compiled a set of environmental measures to address the various

resource issues; the collection of these measures is called the “Staff Alternative” (described in detail in
Section 2.3.2 of the FEIS). The Staff Alternative incorporates most of PacifiCorp’s proposed
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environmental measures, but in some instances with modifications. With regard to the portion of the
Project in California, these modifications include: implementation of turbine venting at Iron Gate dam as
a dissolved oxygen enhancement measure; implementation of an adaptive sediment augmentation
program downstream of Iron Gate dam; increasing the minimum flow in the Copco No. 2 bypassed reach
to 70 cfs; increased funding responsibilities for the Iron Gate Hatchery; and implementation of a hatchery
and genetics management plan. These modifications also contain an integrated fish passage and disease
management program, including the following five components: (1) modifying adult collection facilities
at [ron Gate dam to facilitate trapping and hauling of adult anadromous fish, (2) evaluation of survival of
outmigrating wild smolts at Project reservoirs, spillways, and powerhouses, (3) an experimental
drawdown of Copco and Iron Gate reservoirs to assess effects on smolt outmigration and water quality,
(4) water quality monitoring in the Project reservoirs and to the mouth of the Klamath River, including
major tributaries, to assess Project contributions to factors that may cause fish diseases in the lower river,
and (5) evaluation of the most feasible and effective means to pass fish to and from project waters and
minimize the risks associated with fish diseases that are Project-related. The Staff Alternative measures
and key modifications from PacifiCorp’s proposed environmental measures are pointed out and described
in the relevant sections of this revised application for 401 certification.

The FEIS evaluates the differences between five alternatives: (1) PacifiCorp’s Project proposal, (2) the
FERC Staff Alternative, (3) the Staff Alternative with Mandatory Conditions, (4) Retirement of Copco
No. 1 and Iron Gate Developments, and (5) Retirement of J.C. Boyle, Copco No. 1, Copco No. 2, and
Iron Gate Developments. Based on a detailed analysis, the FEIS concludes that the best alternative for the
Project would be to issue a new license consistent with the environmental measures specified in the Staff
Alternative.

The FEIS is part of the public FERC docket for the license application, and PacifiCorp understands that

the State Water Board has copies of the FEIS. The FEIS also is available on FERC’s website at
www.ferc.gov, under docket number P-2082.
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3.0 EXISTING AND PROPOSED PROJECT FACILITIES AND OPERATIONS

This section describes PacifiCorp’s existing Klamath Hydroelectric Project facilities and operations in
California, including the Copco No. 1, Copco No. 2, Iron Gate, and Fall Creek facilities. Project facilities
and operations are described in greater detail in Exhibit A, Project Description and Exhibit B, Project
Operation and Resource Utilization (PacifiCorp, 2004a) of the FERC Final License Application,
respectively. A detailed description of aquatic habitat in the Project vicinity is presented in PacifiCorp’s
Exhibit E, Environmental Report, Section E.3 (PacifiCorp, 2004b). In addition, this section describes the
proposed changes to the existing Project facilities.

3.1 EXISTING PROJECT FACILITIES AND OPERATIONS

The current Project consists of several facilities on the Klamath River between river mile (RM) 190.5 and
RM 254. Facilities in California are described in detail below. Facilities in Oregon include the East Side
and West Side generating facilities, Keno dam and reservoir, and the J.C. Boyle dam, reservoir, and
powerhouse. The East Side and West Side generating facilities (at RM 253.7 and RM 253.3, respectively)
receive flow diverted at the USBR-owned Link dam at RM 254 at the outlet of Upper Klamath Lake
(UKL). Keno dam (at RM 233) has no generation facilities. Keno reservoir (from RM 233 to 252.7) is
about 19.7 miles long, has a surface area of 2,475 acres, and a maximum depth of about 20 feet.

J.C. Boyle dam (RM 224.3) and powerhouse (RM 220) is a generating facility that is typically operated in
a load-following or “peaking” mode. J.C. Boyle reservoir (from RM 224.3 to 227.9) is about 3.6 miles
long, has a surface area of 420 acres, and a maximum depth of about 42 feet.

The facilities in California (Copco No. 1, Copco No. 2, Iron Gate, and Fall Creek) are discussed in the
following sections.

3.1.1 Copco No. 1 Development

3.1.1.1 Existing Project Facilities

The Copco No. 1 Development consists of a reservoir, dam, and powerhouse located on the Klamath
River between approximately RM 198.6 and RM 203.2 just south of the Oregon-California border. Copco
No. 1 dam is a concrete arch dam 126 feet high, with 13 radial gates. The impoundment formed upstream
of the dam is approximately 1,000 acres in extent with approximately 46,900 acre-feet of total storage
capacity and 6,235 acre-feet of active storage capacity. The Copco No. 1 powerhouse is located
immediately below the Copco No. 1 dam. Water diverted for power use flows through several trash racks
into three short penstocks that supply the two turbines, each 10 MW in size. Combined hydraulic capacity
of the turbines is 3,200 cubic feet per second (cfs). Copco No. 1 powerhouse flow is directed to the Copco
No. 2 powerhouse intake through the small, 0.3-mile-long Copco No. 2 reservoir. Key information about
the Copco No. 1 Development is summarized in Table 3.1-1.

3.1.1.2 Existing Project Operations

Copco dam is operated for power generation, some very minor flood control and control of the Copco
reservoir water surface elevation. The Copco No. 1 powerhouse is usually operated to generate during the
day when energy demands are highest, and to store water during the non-peak times (weeknights and
weekends). When river flows are near or in excess of turbine hydraulic capacity, the powerhouse
generates continuously and excess water is spilled through the spill gates. Copco reservoir can fluctuate
5.0 feet between normal minimum and full pool elevations, but the average daily fluctuation is
approximately 0.5 feet.

© September 2008 PacifiCorp 401 Application Page 3-1



PacifiCorp
Klamath Hydroelectric Project
FERC No. 2082

Table 3.1-1. Key Data Regarding the Existing Klamath Hydroelectric Project Developments in California

ltem

Copco No. 1
Development

Copco No. 2
Development

Iron Gate
Development

Fall Creek Development

General Information

Owner of the Dam PacifiCorp PacifiCorp PacifiCorp PacifiCorp
Purpose Hydropower Hydropower Hydropower Hydropower
Completion Date 1918 1925 1962 Fall Creek: 1903
Dam Location (river mile) 198.6 198.3 190.5 Not applicable
Powerhouse Location (river mile) 198.5 196.8 190.4 Not applicable
Structural Features of the Dam
Dam Type Concrete Concrete Earthfill Earthfill
Dam Height (ft) 126 33 173 7
Dam Length (ft) 415 278 740 95
Spillway Length (ft) 182 130 685 32” dia. pipe
Number of Spill Gates 13 5 0 1
Spill Gate Type Tainter Tainter Ungated Vertical Lift
Spillway Crest (ft msl) 2593.5 2454.0 2328.0 3253.4
Spillway Apron (ft msl) 2483.0 2452.0 2164.0 3249.5
Gross Head (ft) at Spillway 111 21 164 3.9
Spillway Energy Dissipaters Yes No Yes No
Reservoir Information
Reservoir Common Name Copco Reservoir Copco No. 2 Iron Gate No reservoir
Reservoir Reservoir
Distance to Upstream Dam 25.7 0.3 7.8 Not applicable
(miles)
Reservoir Length (miles) 4.6 0.3 6.2 Run of river
Approximate Maximum 1,000 40 944 Run of river
Surface Area (acres)
Normal Maximum Depth (ft) 115.5 28 162.6 Unknown
from Normal Maximum
Surface Elevation
Maximum Depth Elevations 2,492.0 - 2,165.4 No reservoir
(ft msl) from 2001-2002 Study”
Normal Maximum Operating 2,607.5 2,483.0 2,328.0 3,250.5 (local datum)
Surface Elevation (ft msl)
Normal Minimum Operating 2601.0 Data not 2,324.0 3250.5 (local datum)
Surface Elevation (ft msl) available
Normal Annual Operating 6.5 Data not 4.0 0
Fluctuation (ft) available
Total Storage Capacity (ac-ft) 46,867 73 58,794 No reservoir
Current (2001-2002) Estimate of 33,724 NA 50,941 No reservoir
Gross Storage Capacity”
Active Storage Capacity (ac-ft) 6,235 Negligible 3,790 0

401 Application Page 3-2

© September 2008 PacifiCorp




PacifiCorp

Klamath Hydroelectric Project

FERC No. 2082

Table 3.1-1. Key Data Regarding the Existing Klamath Hydroelectric Project Developments in California

Copco No. 1 Copco No. 2 Iron Gate
Item Development Development Development | Fall Creek Development
Average Flow (cfs)° 1,885 1,885 1,852 40
Retention Time (days)
At Average Flow 12 0.020 16 <1 hour
At 710 cfs 32 0.052 42 <1 hour
At 1,500 cfs 15 0.025 20 <1 hour
At 3,000 cfs 0.012 10 <1 hour
At 10,000 cfs (extreme event) 2 0.004 3 <1 hour
Power Generation Features
Trash Racks Two44x 12.5ft | 36.5 x 48 ft with At penstock At entrance to penstock,
with 3-inch bar 2-inch bar entrance, 17.5x | 17.5 x 10.7 ft with 3-inch
spacing spacing 45 ft with 4-inch bar spacing/none
bar spacing
Diversion to Powerhouse Three penstocks at | Wood-stave flow |  Gated intake 4,560-ft waterway to
the dam line and rock tower to 42-inch (reducing to
tunnel to two penstock at dam 30-inch) diameter
steel penstocks penstock/6,850-ft
waterway to Fall Creek
Number of Turbines 2 2 1 3
Turbine Type Horizontal Francis | Vertical Francis | Vertical Francis Pelton
Turbine Generator Nameplate Unit 1: 10 Unit 1: 13.5 18 Unit 1: 0.5
Capacity (MW) Unit 2: 10 Unit 2: 13.5 Unit 2: 0.45
Unit 3: 1.25
Total Nameplate Generating 20 27 18 2.2
Capacity (MW)
Gross Head (ft) at Powerhouse 123 152 158 730
Total Turbine Hydraulic Rated: 3,200 Rated: 3,200 Rated: 1,550 Rated: 60
Capacity (cfs) Max: 3,560 Max: 3,250 Max: 1,735 Max: 30
Min: Min: 258 Min: 296 Min: 2
Unit 1: 241
Unit 2: 467
Powerhouse Construction Reinforced concrete Reinforced Reinforced Reinforced concrete
substructure with a concrete concrete substructure with steel
concrete and steel structure structure superstructure enclosed
superstructure by metal siding
Transmission Lines
Line Designation 15, 26-1, 26-2 None 62 3 (two sections)
Length (mi) 1.23,0.7,0.7 None 6.55 1.65 total
Voltage (kV) 69, 69, 69 None 69 Both 69
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Table 3.1-1. Key Data Regarding the Existing Klamath Hydroelectric Project Developments in California

Copco No. 1 Copco No. 2 Iron Gate
Item Development Development Development | Fall Creek Development
Interconnections Line 15 from Copco None Plant to Copco | Plant to tap point on line
No. 1 switchyard to No. 2 18 (very short), Plant to
Copco No. 2 plant, Copco No. 1 switchyard

line 26-1 from
Copco No. 1 plant to
switchyard, line 26-1
from Copco No. 1
plant to switchyard

? Data from the Draft Bathymetry and Sediment Classification of the Klamath Hydropower Project Impoundments,
J.M. Eilers and C.P. Gubala of JC Headwaters, Inc., prepared for PacifiCorp, March 2003.

" Total storage capacity is measured at normal full pool.

¢ Data for Keno are from USGS Gauge 11509500. All other data are average daily turbine flows plus spill flows for 1994
through 1997 provided by PacifiCorp.

Copco No. 1 and No. 2 operate together. Because flows through the system must be closely coordinated
owing to lack of significant storage and mandatory downstream flow requirements, flow through the
Copco plants typically mimics flow through J.C. Boyle on a daily average basis (with a time lag). Copco
No. 2 has virtually no storage reservoir and operates in conjunction with Copco No. 1. That is, Copco
No. 2 generation and hydraulic discharge follow Copco No. 1 generation and hydraulic discharge.

Copco No. 1 Development has no bypass reach. The powerhouse is located immediately below the dam.
The Copco No. 1 powerhouse tailwater is the small Copco No. 2 reservoir. There are no minimum
instream flow or ramp rate requirements for the Copco No. 1 Development.

The spill gates at Copco No. 1 dam may be opened if an unscheduled turbine shutdown results in a
lengthy outage that adversely affects downstream water flow requirements.

The Copco No. 1 Development has been automated for remote control of unit start, stop, and loading.
Copco No. 1 generation is scheduled to meet the power demands of the system while passing required
flows. The development operation is monitored and controlled 24 hours per day, 7 days per week. Upon
unit startup, generation loads are set and the unit will automatically reach and hold that requirement until
reset or the unit shuts down. Project operators can control the operation manually from the powerhouse.

3.1.2 Copco No. 2 Development

3.1.2.1 Existing Project Facilities

The Copco No. 2 Development consists of a diversion dam, a small impoundment, and powerhouse
located just downstream of Copco No. 1 dam between approximately RM 196.8 and RM 198.3. The
reservoir created by the 38-foot-high dam has minimal storage capacity (73 acre-feet). Copco No. 2 is
entirely dependent on Copco No. 1 releases for water and operates in conjunction with Copco No. 1.

Copco No. 2 dam has five spill gates and a manual gate valve that can divert a small amount of water into
the bypass reach. The flowline to the powerhouse consists of portions of wood-stave pipe, rock tunnel,
and steel penstock. At the entrance to the flowline is a 36.5-foot by 48-foot trash rack. There are two
13.5-MW units with a combined hydraulic capacity of 3,200 cfs in the powerhouse. Key information
about the Copco No. 2 Development is summarized in Table 3.1-1.
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3.1.2.2 Existing Project Operations

Copco No. 2 reservoir has virtually no active storage, and relies on Copco No. 1 releases for operating
flows. Copco No. 2 generation and hydraulic discharge follow Copco No. 1 generation and hydraulic
discharge. With this type of operation, water surface elevations of the Copco No. 2 reservoir rarely
fluctuate more than several inches.

Because the Copco No. 2 Development is located immediately downstream of Copco No. 1 powerhouse,
the Copco No. 2 generation is scheduled simultaneously with the generation at Copco No. 1. The Copco
No. 2 units are automated. The daily generation schedule is established to meet the power demands of the
system while passing required flows through the various Project facilities. The operation is monitored and
controlled 24 hours per day, 7 days per week. Upon unit startup, generation loads are set and the unit will
automatically reach and hold that requirement until reset or the unit shuts down.

3.1.2.3 Existing Instream Flow Releases and Ramping Rates
There are no ramp rate requirements for the 1.5 mile-long bypass reach between Copco No. 2 dam and

Copco No. 2 powerhouse, but PacifiCorp currently releases a minimum flow of 5 to 10 cfs as standard
operation practice (Table 3.1-2). No natural springs are known to contribute flow to this reach.

Table 3.1-2. Copco No. 2 Minimum Instream Flow and Ramp Rate Directives

Length of Reach Ramp
River Reach (River Miles) Instream Flow Rate
Copco No. 2 Bypass (dam to powerhouse) 1.5 5-10 cfs (nonregulatory release; None

PacifiCorp standard practice)

Klamath River (Copco No. 2 tailrace to 0 None None
Iron Gate reservoir)

In the event of an unscheduled shutdown at the Copco No. 2 powerhouse, the Copco No. 1 powerhouse is
shut down. If flow in the Copco No. 2 waterway is at full capacity at time of shutdown, some water may
be spilled into the lower Copco No. 2 bypass reach via an overflow waterway at the surge tank. If flows
are near the capacity of a single unit (approximately 1,600 cfs), a surge chamber in the tunnel can
accommodate the excess water. If the outage at Copco No. 2 powerhouse will be lengthy, Copco No. 1
powerhouse may be operated and water spilled at Copco No. 2 dam.

3.1.3 Iron Gate Development

3.1.3.1 Existing Project Facilities

The Iron Gate Development consists of a reservoir, dam, and powerhouse located on the Klamath River
between approximately RM 190.5 and RM 196.8, which is approximately 20 miles northeast of Yreka,
California. It is the most downstream hydroelectric facility of the Project, as well as the most downstream
dam on the Klamath River. The rock fill Iron Gate dam is 173 feet high. The impoundment formed
upstream of the dam is approximately 944 surface acres and contains approximately 58,794 acre-feet of
total storage capacity and 3,790 acre-feet of active storage capacity. An ungated spillway 730 feet long
leads to a large spill canal, allowing transport of high flows past the structure. The powerhouse is located
at the base of the dam. Trash is prevented from entering the penstock by a 17.5-foot by 45-foot trash rack.
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In 2003, modifications were made to Iron Gate dam to raise the dam crest elevation from El. 2343 feet
msl to El. 2348 feet msl. The modifications included construction of a steel wall extension along the dam
crest, anchored into the existing dam structure. Additional riprap materials were placed on the upstream
face of the dam to protect those areas inundated by the higher reservoir elevations. This work included
shotcrete protection at the top of the spillway and spillway chute. The crest elevation of the spillway was
not changed.

The Iron Gate powerhouse consists of a single 18-MW unit with a hydraulic capacity of 1,735 cfs. In the
event of a turbine shutdown, a synchronized bypass valve located immediately upstream of the turbine
diverts water around the turbine to maintain flows downstream of the dam.

The original construction diversion tunnel is still in place. Operation of the gate controlling the flow
through the tunnel is limited to emergency use during high flow events. If needed for such purposes, the
tunnel can pass up to approximately 5,000 cfs. Key information about the Iron Gate Development is
summarized in Table 3.1-1.

3.1.3.2 Existing Project Operations

The Iron Gate powerhouse is located at the base of the dam and has no bypass reach. The facility operates
as a regulating dam to dampen the effects of fluctuating river levels from the Copco Nos. 1 and 2 peaking
operations. Releases through the turbine can be as much as 1,735 cfs. When flows are higher, or higher
flows are needed to meet regulatory conditions downstream, additional water is passed over the ungated
spillway. The amount of spill is controlled to the extent possible through Copco Nos. 1 and 2 operations.
If a consistent spill is needed at Iron Gate dam, Copco Nos. 1 and 2 cannot operate in a peaking operation,
but must provide a constant flow to maintain Iron Gate reservoir elevations.

The Iron Gate Development is primarily operated manually with minor control provided remotely to serve
as the Project’s regulating facility. Generation schedules reflect instream flow requirements and ramp
rates. (See Section 3.1.3.3.) Exceptions may occur seasonally when high river flows result in spills. The
single Iron Gate unit is scheduled to maintain those regulated flows as well as provide minimal
adjustments for seasonal peaks within its range limits. This schedule is given daily. Monitoring and
control is provided 24 hours per day, 7 days per week. Local operators can start and stop the unit, but unit
control generally is done automatically on a defined (preprogrammed) ramp rate. The unit can be tripped
remotely.

3.1.3.3 Existing Instream Flow Releases and Ramping Rates

The current FERC license stipulated minimum flow requirements below Iron Gate dam are 1,300 cfs from
September through April, 1,000 cfs in May and August, and 710 cfs in June and July. However, since
1997, PacifiCorp has operated to provide instream flow releases dictated by USBR’s annual Operations
Plans for the Klamath Irrigation Project (KIP). The KIP’s 2007 Operations Plan (USBR 2007) is the plan
currently in effect. The 2007 Operations Plan describes expected operations from April 2007 through
March 2008 based upon current and expected hydrologic conditions and consistent with the 2002
Biological Opinion (NMFS 2002, USFWS 2002). The Plan is initially derived from the April 1, 2007
Natural Resource Conservation Service (NRCS) inflow forecast. USBR developed the Plan to serve as a
planning aid for agricultural water users, Klamath Basin Tribes, national wildlife refuges and other
interested parties.

PacifiCorp coordinates with USBR to provide flows below Iron Gate dam as stated in the current

Operations Plan rather than those cited as the FERC minimum. The current Operations Plan flows that
USBR is required to meet or exceed at Iron Gate dam are listed in Table 3.1-3. The flows are established
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by water year types based on UKL net inflow (during April — September) that are initially derived from
Natural Resource Conservation Service (NRCS) inflow forecast on April 1 and then subsequently
adjusted based on actual hydrologic conditions after April 1 (USBR 2007).

Table 3.1-3. Instream Flow Releases as Measured at Iron Gate Dam in the USBR’s Klamath Project
Operations 2002 Biological Assessment (USBR 2007).

Flows (cfs) at Iron Gate Dam (Average Daily Flow) by Water Year Type*

Time Step Wet Above Average Average Below Average Dry
April 2050 2700 2850 1575 1500
May 2600 3025 3025 1400 1500
June 2900 3000 1500 1525 1400
July 1000 1000 1000 1000 1000
August 1000 1000 1000 1000 1000
September 1000 1000 1000 1000 1000
October 1300 1300 1300 1300 1300
November 1300 1300 1300 1300 1300
December 1300 1300 1300 1300 1300
January 1300 1300 1300 1300 1300
February 1300 1300 1300 1300 1300
March 2300 2525 2750 1725 1450

*Water Year Type is based on Upper Klamath Lake Net Inflow (during April — September) as follows:
Wet Above 785,200 acre-feet
Above Average 568,600 to 785,200 acre-feet

Average 458,400 to 568,500 acre-feet
Below Average 286,800 to 458,300 acre-feet
Dry Below 286,800 acre-feet

In addition, to protect coho salmon, USBR is required to operate the KIP to provide water and coordinate
with PacifiCorp to achieve the rates for ramping down of flows between monthly or biweekly timesteps
below Iron Gate dam as listed in Table 3.1-4. The 2002 Biological Opinion issued by NMFS for USBR
specified a ramp rate of 50 cfs per 2-hour period at the Iron Gate powerhouse at those times when flows
are within the hydraulic capacity of the plant (Table 3.1-4). The 2002 Biological Opinion also set a limit
for flow reduction to 150 cfs per day (NMFS, 2002). This limit is five times more restrictive than the
current FERC license ramp rate of 250 cfs per hour. PacifiCorp has found that the equipment in the
powerhouse can achieve this lower ramp rate. However, coordination between USBR and PacifiCorp is
necessary to make sure enough water is available for release over the long ramp-down periods. This
operational change relies on semi-automated control. PacifiCorp has committed to implement these ramp
rates to the extent possible based on the physical limitations of the hydroelectric Project facilities. These
limitations include the absence of spill gates at Iron Gate dam.

Flow below Iron Gate dam is measured every 15 minutes at a USGS gauging station (No. 11516530)
located approximately 0.6 mile downstream. The gauge is also downstream of Bogus Creek, a tributary to
the Klamath River; hence, instream flow at the gauge is a measure of flow from the powerhouse, Iron
Gate fish hatchery return water, and the ungauged Bogus Creek.
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Table 3.1-4. Iron Gate Dam (IGD) Minimum Instream Flow and Ramp Rate Directives.

River Length of Reach

Reach (River Miles) Minimum Instream Flow Ramp Rate
Iron Gate Not Applicable | Minimum instream flows Ramp rates of 250 cfs or 3 inches per hour, whichever
Dam are specified in PacifiCorp’s | is less, are specified in PacifiCorp’s existing FERC

existing FERC license (FPC, | license (FPC, 1956).

1956). However, instream | pyuever, PacifiCorp is using ramp rates as specified
flows are released per per USBR’s 2007 Operations Plan in accordance with

USBR’s 2007 Operations | 6 5002 Biological Opinion (NMFS 2002):
Plan in accordance with the
2002 Biological Opinion 1. When IGD flows exceed 1,750 cfs, decreases in

(NMFS 2002) flow are limited to 300 cfs or less per 24-hour
period, and no more than 125 cfs per 4-hour period;

2. When IGD flows are 1,750 cfs, or less, decreases in
flow are limited to 150 cfs or less per 24-hour
period, and no more than 50 cfs per 2-hour period.

3.1.4 Fall Creek Development

3.1.4.1 Existing Project Facilities

The Fall Creek Development is a run-of-river facility located on Fall Creek, which is a tributary of the
Iron Gate reservoir. The Fall Creek Development consists of two small diversion dams, an earthen ditch,
a penstock, and a powerhouse. The upper-most diversion is located on Spring Creek in Oregon. Spring
Creek is a tributary to Jenny Creek that in turn flows into the Iron Gate reservoir. Spring Creek water can
be diverted out of the Jenny Creek basin, in Jackson County, Oregon, and into the Fall Creek basin for
use at the Fall Creek powerhouse.

When in use, it diverts up to 16.5 cfs of water to Fall Creek. The diversion dam on Fall Creek then diverts
up to 50 cfs into the power canal and penstock that supplies the powerhouse.

The diversion dam on Fall Creek is an earth- and rock-filled berm. The spillway structure is constructed
of timber flashboards and concrete. The length of the power canal from the dam to the penstock intake is
approximately 4,560 feet. At the entrance to the penstock is a trash rack. The penstock drops over the
hillside, providing a 730-foot head to the three Pelton turbines in the powerhouse. Generation capacity is
0.5 MW for unit 1, 0.45 MW for unit 2, and 1.25 MW for unit 3. The total hydraulic capacity of the
turbines is 50 cfs. Key information about the Fall Creek Development is summarized in Table 3.1-1.

3.1.4.2 Existing Project Operations

The water supply for the Fall Creek powerhouse is predominantly spring fed and is fairly consistent. As a
result, the facility was designed without a storage reservoir and is operated as a run-of-the-river facility
under all river flows and water year types. Generation is dependent on flow.

The Fall Creek Development is operated manually, owing primarily to its run of river operation, smaller
generation potential, and the consistency of the stream flow at the diversion point. The facility is operated
at a constant discharge equal to the diversion dam inflow minus the 0.5 cfs instream release. The
flashboards at the diversion dam are maintained at a constant elevation, and during periods of higher flow,
the water in excess of the diversion capacity (50 cfs) passes over the diversion dam. The three units are
manually operated as flows become available or diminish seasonally. After normal business hours, the
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units are monitored. The Fall Creek generation is monitored 24 hours per day, 7 days per week from a
continuous total generation readout and through limited critical alarming. Should a critical alarm occur,
the local operator is contacted to respond on site. Since the units are impulse runners, normal unit shut-
downs will deflect flows from the runners and not change flow releases until the operator elects to do so.

3.1.4.3 Existing Instream Flow Releases and Ramping Rates

To provide the minimum instream flow, a notch in the lower stop logs at the Fall Creek diversion dam
ensures that 0.5 cfs is continually released into the bypass reach. Continuous operation at the powerhouse
(including turbine bypass) or flow through the bypass channel during maintenance ensures that the 15 cfs
minimum instream flow downstream of the powerhouse is met (Table 3.1-5). A gauge (USGS

No. 11512000) was previously operated downstream of the powerhouse, and has recently been
reactivated (spring 2003). It is unknown how long this gauge will be in operation. Flow released at the
powerhouse can be estimated through a flow-generation relationship.

Table 3.1-5. Fall Creek Minimum Instream Flow and Ramp Rate Directives.

Length of Reach
River Reach (River Miles) Minimum Instream Flow Ramp Rate
Fall Creek Bypass 1.2 0.5 cfs into bypass plus a 15 cfs continuous flow None
downstream of the powerhouse tailrace (FPC 1956)

3.2 PROPOSED PROJECT

This section describes the proposed Project facilities in California, as submitted to FERC for relicensing
by PacifiCorp. In the California portion of the Project, the primary generation facilities and operation will
be unchanged. However, PacifiCorp’s proposed Project includes numerous measures to enhance water
quality and beneficial uses. This section introduces and describes these proposed measures. The basis for
those measures related to water quality are assessed and discussed in subsequent sections of this
document.

3.2.1 J.C. Boyle Powerhouse Bypass Valve

Under existing conditions, the J.C. Boyle powerhouse does not have the means to maintain downstream
river levels in the event of either or both generating units are tripped off line (unscheduled outage). Upon
a plant trip, the river stage drops according to plant discharge. Flow capacity through each unit is roughly
1,425 cfs. In the case of a unit trip when both units are operating, the river drops 1.3 feet. If both units are
operating and they both trip, the river will drop approximately 3 feet. If either event was to occur, river
stage is not corrected until the generating unit is back in service, water is released at the canal spillway, or
water is released at the dam. Also, in the event both units trip, the canal cannot contain enough of the
backed-up water and the canal spillway gate is opened. Spill amount and duration at this location is
dependent on amount of flow in the canal at time of unit trip and the time it takes to close the canal
headgate.

To reduce the potential for river stage changes in response to unit trips at the J.C. Boyle powerhouse,
PacifiCorp is proposing to install synchronized bypass valves on each of the two units. The intent of the
valves is to maintain the river level even if a unit trips off-line. The two bypass valves should also
eliminate use of the canal spillway, as water would not be backed up in the event of a unit trip. Further
details on the synchronized bypass valves are provided in PacifiCorp (2004a).
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The installation of the proposed synchronous bypass valves at the powerhouse will eliminate this fish
stranding potential, due to unscheduled unit trips. Another anticipated benefit of the installation of the
bypass valves is the elimination of the use of the canal spillway. Past use of the spillway has resulted in
erosion of the hillside leading down to the bypass reach and subsequent increases in turbidity in this
otherwise clear water segment of river.

3.2.2 Instream Flows and Ramping Rates

A summary of the proposed instream flows and ramping rate measures for each of the future Project
reaches in California is provided in Table 3.1-6. (PacifiCorp is not proposing any modifications to its
operation that would affect the Project’s ability to meet USBR’s flow requirements downstream of Iron
Gate dam.) For more information about proposed instream flows and ramping rates, refer to PacifiCorp
(2004c), Exhibit E-Environmental Report, Section E.4.

Table 3.1-6. Proposed Instream Flow and Ramp Rate Measures for River Reaches Affected by the Klamath
Hydroelectric Project.

River Reach Instream Flow Ramp Rate

Copco No. 2 A minimum instream flow of 10 cubic 125 cfs per hour (downramp rate) with the exception of

Bypass (dam to feet per second (cfs) from the dam. conditions beyond the Project’s reasonable control. To

powerhouse) Release facility will be constructed to extent practical, flow changes will be limited to a total

monitor flow releases. magnitude change of 1,600 cfs in a daily period. This rate

is primarily applicable to planned maintenance events.

Klamath River None None

(Copco No. 2

tailrace to Iron
Gate reservoir)

Iron Gate dam The instream flow schedule below Iron Current ramp rates below Iron Gate will be maintained
Gate dam will be maintained according to | according to USBR’s 2007 Operations Plans (USBR
USBR’s 2007 Operations Plans (USBR 2007) consistent with the 2002 Biological Opinion issued
2007) consistent with the 2002 Biological | by NMFS (2002).

Opinion issued by NMFS (2002).

Fall Creek Bypass | A minimum of 5 cfs into the bypass plus a | Not applicable
15 cfs continuous flow downstream of the
bypass confluence. Release structure will
be constructed to maintain continuous
release at the dam.

3.2.3 Reservoir Management Plan for Copco and Iron Gate Reservoirs

PacifiCorp is implementing a reservoir management plan (RMP) to improve water quality in Copco and
Iron Gate reservoirs and below the Project. The RMP is attached as Appendix B, and is a revised version
of a similar plan developed in March 2006 (PacifiCorp 2007a). This revised version of the RMP contains
updated information on the process PacifiCorp is following for identifying, testing, implementing, and
monitoring several technologies and measures for enhancing water quality conditions in Copco and Iron
Gate reservoirs and below the Project. The technologies and measures considered in this RMP consist of
proven techniques for lake and reservoir water quality management, as described by Cooke and Kennedy
(1989), Cooke et al. (2005), Holdren et al. (2001), Thornton et al. (1990), and UNEP (2004). Based on the
approach outlined in the RMP, decisions regarding selection and implementation of specific technologies
and measures will be made by PacifiCorp in consultation with the State Water Board.
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Copco and Iron Gate reservoirs are nutrient-enriched (eutrophic) as a result of large inflowing loads of
nutrients and organic matter from upstream sources in the upper basin, particularly UKL (PacifiCorp
2006). Management of these upstream sources is unaffected by and beyond the control of PacifiCorp’s
Project operations. As such, this plan does not (and cannot) address the upstream loads of nutrients and
organic matter. Control of the large inflow loads of nutrients and organic matter from upstream sources is
most appropriately addressed through implementation of the Total Maximum Daily Loads (TMDLs) that
are currently being developed by the state of California’s North Coast Regional Water Quality Control
Board (NCRWQCB) and ODEQ. However, actions implemented in this plan are aimed at improving
reservoir water quality conditions related to algae, dissolved oxygen, and pH that are largely driven by the
upstream loads of nutrients and organic matter. Therefore, this reservoir management program is an
important adjunct to the TMDLs, and provides a proactive response by PacifiCorp to implementation of
the anticipated TMDLs, particularly as they may pertain to Copco and Iron Gate reservoirs.

During 2008, PacifiCorp plans to proceed with implementation and/or testing of certain technologies and
measures for reservoir water quality management and enhancement. PacifiCorp plans to assess the
potential effectiveness and feasibility of constructing wetlands upstream and/or along the reservoirs as a
means of capturing and removing particulates and nutrients in upstream river inflow to the reservoirs.
PacifiCorp also plans to proceed with turbine venting tests at the Iron Gate powerhouse and a develop a
design and implementation plan for an oxygen diffuser system in Iron Gate reservoir. These two
technologies are expected to yield substantial improvements in dissolved oxygen conditions in releases
from Iron Gate dam to the river below. PacifiCorp plans additional pilot-scale testing of solar-powered
epilimnetic circulators in 2008 to gain better reliability and effectiveness information prior to potential
scale-up to more extensive implementation in the reservoirs. PacifiCorp plans to proceed with
effectiveness testing of sodium carbonate peroxyhydrate (PAK™27) applications in the reservoirs based
on test applications to confined areas of the reservoirs or suitable separate enclosures using water taken
from the reservoirs. Sodium carbonate peroxyhydrate (PAK™27) is approved by the EPA and the
California Department of Pesticide Regulation (DPR) for aquatic application as an algaecide to control
blue-green algae. Further details on planned RMP activities, including those planned to occur in 2008, are
provided in Appendix B.

3.2.4 Selective Withdrawal for Temperature Management

Water temperature in the Klamath River below Iron Gate dam is warmer in the late summer and fall than
it would be in the absence of the Project, and is colder in the winter and spring. This “thermal lag” is a
consequence of the presence of Iron Gate reservoir (i.e., the mass of the reservoir that is available to store
thermal energy), ambient temperature, the reservoir’s normal temperature stratification, and the location
of the generator penstock intake. Because the reservoir does stratify, some cool wintertime water is
retained in the hypolimnion throughout the summer.

In the FLA (PacifiCorp 2004b), PacifiCorp describes a potential measure to implement a low-level
release of cooler hypolimnetic water from Iron Gate reservoir during summer to provide some cooling of
the Klamath River downstream of the Project. However, although hypolimnetic cool water storage is
available in Iron Gate reservoir, the volume of this cool water is limited, and potential downstream effects
would be of short duration and would not affect the entire length of river below Iron Gate dam to the
ocean. In addition, the sole water supply for Iron Gate Hatchery withdraws cold water from the deeper
water of Iron Gate reservoir, and depleting or exhausting this cold water pool during the summer would
likely seriously impair hatchery operations during any year that such hypolimnetic releases occur.

PacifiCorp analyzed the hypothetical release of hypolimnetic water from both Copco and Iron Gate

reservoirs using comprehensive water quality modeling (PacifiCorp 2004h, 2005a, 2005b, 2005¢, 2005d).
PacifiCorp estimates the maximum useable cold water volume in Copco reservoir in summer to be about

© September 2008 PacifiCorp 401 Application Page 3-11



PacifiCorp
Klamath Hydroelectric Project
FERC No. 2082

3,100 acre-feet and 4,800 acre-feet at less than 14°C and 16°C, respectively. The modeling results show
that the duration of hypolimnetic releases from this cold water storage in Copco reservoir would last
about 1.8 days at 1,000 cfs. The maximum volume of cold water (8°C or less) at Iron Gate reservoir
during the summer is about 8,000 to 10,000 acre-feet. The modeling results show that the duration of
hypolimnetic releases from this Iron Gate cold water storage would last about 5 days at 1,000 cfs.

PacifiCorp’s modeling results indicate that it may be possible to extend these release durations by a small
amount by reducing the release volume to less than 1,000 cfs. For example, if releases from Iron Gate
dam are managed to sustain decreased temperatures for the longest duration, hourly temperatures would
be reduced by about 1.1°C on average, with a maximum decrease of 1.8°C, for a period of up to

12 months in late summer and early fall. Alternatively, if releases from Iron Gate dam are managed to
maximize the decrease in downstream water temperature, a maximum reduction of 10°C is possible, but
would last only for about a day until the cold water pool is depleted. Modeling scenarios designed to
enhance potential temperature benefits by incorporating Copco reservoir into a coordinated effort to lower
water temperature downstream of Iron Gate dam showed negligible benefits.

Any cooling benefits obtained from selective withdrawals from Iron Gate would diminish with distance
below Iron Gate dam. PacifiCorp’s modeling results indicate that cooling benefits are substantially
reduced at Seiad Valley (about 60 miles below Iron Gate), with almost no benefit below Clear Creek
(about 90 miles below Iron Gate). The lower 100 miles of river generally are unaffected. As the distance
downstream from Iron Gate dam increases, observed and modeled temperatures show greater variability
as the river becomes more responsive to changes in meteorological and tributary inflow conditions.

In the FEIS for the Project (FERC 2007), FERC staff independently reviewed PacifiCorp’s area-capacity
curves and vertical temperature profiles for Copco and Iron Gate reservoirs, and concur with PacifiCorp’s
assessment of the limited coldwater release capabilities at Copco No. 1 and Iron Gate dams. FERC staff
recommend development of a temperature management plan that would include: (1) a feasibility study to
assess modifications of existing structures at Iron Gate dam to enable release of the maximum volume of
cool, hypolimnetic water during “emergency circumstances” to be completed within 1 year of license
issuance; (2) an assessment of methods to increase the dissolved oxygen of waters that may be released
on an emergency basis; and (3) development of protocols that would be implemented to trigger the release
of hypolimnetic water by using existing, unmodified structures at Iron Gate or, if determined to be
feasible, modified structures, within 2 years of license issuance. FERC staff indicate that “emergency
circumstances” would be if and when temperature conditions for downstream juvenile anadromous fish
survival approach critical levels. In addition, FERC staff suggest that the feasibility study would assess
alternative or supplemental Iron Gate Hatchery water supply options that could provide temporary cool
water supplies to the hatchery during any use of hypolimnetic water under emergency circumstances.

In consultation with the State Water Board, PacifiCorp will evaluate the effectiveness and feasibility of
the implementation of a low-level release of cooler hypolimnetic water from Iron Gate reservoir during
summer to provide some targeted cooling of the Klamath River below the Project area, consistent with the
cold water needs of the Iron Gate fish hatchery. The low-level release would likely require retrofitting an
existing low-level outlet at Iron Gate dam to permit controlled release of water from the bottom of Iron
Gate reservoir and to release that water in a manner that would provide the greatest benefit to temperature
conditions in the Klamath River.

3.2.5 Fish Passage Facilities

Canal screens and fish ladders are proposed for the Fall Creek diversion. The canal screens will be diagonal-
type screens meeting NMFS Southwest Region criteria for salmonid fry and trout. Further discussion of the
design and a general arrangement drawing of the facilities are included in PacifiCorp (2004c).
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The Fall Creek fish ladder will be a pool- and weir-type ladder consisting of six pools. The pools will be
constructed from rock and include a 0.5-foot vertical jump for each pool. Further discussion of the design
is available in PacifiCorp (2004c).

Section 18 of the FPA states that FERC is to require construction, maintenance, and operation by a
licensee of such fishways as the Secretaries of Commerce and Interior may prescribe. In March 2006,
NMEFS and USFWS provided preliminary fishway prescriptions for anadromous and resident fish passage
for Project facilities. In January 2007, NMFS and USFWS filed modified prescriptions and alternatives
analyses for fishways at Project facilities. The NMFS and USFWS prescriptions take the approach of
requiring volitional upstream and downstream passage facilities at each Project development and tailrace
barriers at each of the Project powerhouses. These prescriptions include fish ladders and screens at J.C.
Boyle dam and Keno dam3 in Oregon, and Copco No. 1, Copco No. 2, and Iron Gate* dams in California,
but also include provisions for collecting smolts at Link River dam and adult fish at Keno dam to
transport fish past Keno reservoir when water quality conditions are adverse.

In August 2006, PacifiCorp reached a stipulated agreement with the Departments of Commerce and
Interior on spillway modifications and tailrace barriers in preparation for the 2006 EPAct trial-type
proceeding. The stipulated agreement specifies that PacifiCorp would be allowed to conduct site-specific
studies on the need for and design of spillway modifications and tailrace barriers, and consult with NMFS
and USFWS to determine on whether spillway modifications or tailrace barriers are unnecessary based on
PacifiCorp’s studies.

PacifiCorp filed alternatives to the NMFS and USFWS preliminary prescriptions in April 2006 and
December 2006. These alternatives were offered by PacifiCorp only for consideration by NMFS and
USFWS in developing modified prescriptions. These alternatives do not constitute a modification or
adjustment in the proposed Project as described in PacifiCorp’s Final License Application to FERC
(PacifiCorp 2004a) or as presented in this 401 Application.

In the alternative to the NMFS and USFWS preliminary prescriptions filed in April 2006, PacifiCorp
recommended that NMFS and USFWS consider different prescriptions that involve initiating feasibility
studies to be followed by a trap and haul approach to provide passage between Iron Gate dam and

J.C. Boyle reservoir, if studies indicate that establishing self-sustaining runs of anadromous fish is
possible. In the alternative filed in December 2006, PacifiCorp recommended that NMFS and USFWS
consider implementing an adult trap and haul program, initially using the existing collection facilities at
Iron Gate dam, and constructing a second adult trap below Copco No. 2 dam in year 4 following issuance
of the FERC license. PacifiCorp recommended that NMFS and USFWS consider that any construction of
downstream passage facilities would be deferred for 4 years, during which time PacifiCorp would
conduct juvenile and spill survival studies, and recommend modifications to downstream fishway
prescriptions based on study results.

In the FEIS for the Project (FERC 2007), FERC staff assessed the potential risks and benefits of various
approaches for restoring anadromous fish to the Klamath River upstream of Iron Gate dam. FERC staff
concludes that critical uncertainties (e.g., disease, predation, water quality) should be addressed before
making a substantial investment in volitional fishways at the various Project facilities—a concern that is
consistent with that expressed by PacifiCorp. In response to numerous comments from stakeholders,
FERC (2007) recommends an approach which would proceed with the immediate reintroduction of
anadromous fish species upstream of Iron Gate dam, while implementing an integrated program to

3 PacifiCorp notes that Section 18 fishway prescriptions related to Keno dam will not be applicable if the new FERC license for the
Project excludes the Keno dam.

4 The Iron Gate fishway prescription calls for PacifiCorp to modify and use the existing adult trapping facility at the base of Iron Gate
dam as an interim measure before completion of a ladder over the dam five years after license issuance.
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identify the most effective methods for addressing critical uncertainties related to fish passage, predation,
fish disease, and water quality.

FERC (2007) refers to this integrated approach to anadromous fish restoration as an “integrated fish
passage and disease management program”. The integrated fish passage and disease management
program would include several components:

o Installation of a downstream passage and fish collection facility at J.C. Boyle dam

e Modifying adult collection facilities at Iron Gate dam to facilitate trapping and hauling of adult
anadromous fish to upstream reaches of the Klamath River within and above the Project area (to be
specifically determined based on adaptive management)

e Evaluation of survival of outmigrating wild smolts at Project reservoirs, spillways, and powerhouses
(to better determine the most appropriate approach to juvenile bypass facilities)

e An experimental drawdown of Copco and Iron Gate reservoirs to assess effects on smolt outmigration
and water quality

e  Water quality monitoring in Project reservoirs and to the mouth of the Klamath River, including
major tributaries, to assess factors that may contribute to fish diseases in the lower river

o Evaluation of the most feasible and effective means to pass fish to and from project waters and
minimize the risks associated with fish diseases.

Notwithstanding the Section 18 fishway prescriptions by the Secretaries of Commerce and Interior,
PacifiCorp’s proposed project has not changed since the filing of the FLA (PacifiCorp 2004a, 2004b,
2004c, 2004d, 2004¢) and the March 2006 application for water quality certification (PacifiCorp 2006a).
As such, and because the Section 18 fishway prescriptions do not become effective unless and until
PacifiCorp accepts a final license that includes such conditions, it would be inappropriate to modify the
Project description in this revised and resubmitted application for water quality certification. PacifiCorp
nevertheless recognizes that the Section 18 prescriptions likely will become Project conditions and, as
such, it may be appropriate for the State Water Board to consider such prescriptions in the California
Environmental Quality Act (CEQA) review, to the extent the prescriptions are not already addressed in
FERC’s FEIS for the Project (FERC 2007).

3.2.6 Gravel Augmentation

PacifiCorp proposes gravel augmentation measures to enhance spawning gravels below Iron Gate dam.
The gravel augmentation proposal is designed to be an adaptive mitigation measure with an initial
augmentation followed by recurring augmentation based on detailed monitoring of the added material
over the life of the new FERC license. The specific methods of augmenting gravel will depend on the
logistics of the selected augmentation sites, as well as other considerations regarding water quality and
aquatic and riparian habitat. It would be preferable to create a gravel stockpile along the bank of the river
that would erode during high flows, or to add gravel directly during high flows, to reduce turbidity issues.

It is proposed that 1,755 to 3,510 cubic yards of spawnable gravel be placed in the reach just downstream
of Iron Gate dam. (See additional discussion at Section 5.1.12.) The results of PacifiCorp’s
geomorphology study (PacifiCorp, 2004h) indicate that Project impacts on sediment transport and fluvial
geomorphology are overwhelmed by other processes downstream of the Shasta River. Accordingly,
gravel augmentation is proposed only for the reach between Iron Gate dam and the Shasta River
confluence. Approximately 75 percent of this total volume (1,316 to 2,632 cubic yards) would be placed
just downstream of Iron Gate dam where access is easy and significant bed coarsening is documented.
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The remaining volume would be split into three similar sized placements (146 to 293 cubic yards each) to
be distributed at several sites between Bogus Creek and the Shasta River confluence. The volumes and
frequencies of recurring gravel augmentation in this reach would be based on monitoring of the initial
gravel placements.

In the FEIS for the Project (FERC 2007), FERC staff recommends implementation of an adaptive
sediment augmentation program in the J.C. Boyle bypass reach and in the Klamath River from Iron Gate
dam to the confluence of the Shasta River. FERC staff conclude that the sediment augmentation program
would provide substantial benefits to spawning fish. The FERC staff’s recommended program would
begin with developing a resource management plan; mapping existing spawning gravel deposits and
alluvial surfaces suitable for riparian recruitment; and, based on the results of that mapping, developing
sediment augmentation volumes, locations, and sizes that meet plan goals. FERC staff recommends that
augmentation would include a range of sediment sizes to support channel complexity and recruitment of
riparian vegetation. FERC staff further indicate that during some years it may not be necessary to provide
any augmentation if previous sediment has remained at locations that would provide appropriate
spawning habitat (e.g., during relatively dry years).

To estimate the cost and benefits of implementing the program, FERC assumed 3,500 cubic yards of
sediment (likely to be primarily gravel) would be placed downstream of Iron Gate dam at 3-year intervals
(actual amounts would depend on gravel mapping and assessment prior to augmentation). FERC staff
estimated that this amount of sediment would provide sufficient spawning habitat to support about 4,300
fall Chinook salmon redds downstream of Iron Gate dam, and would provide substantial benefits to
populations of fall Chinook salmon, and PacifiCorp includes the measure in the Staff Alternative. FERC
staff further recommend that, if future restoration of anadromous fish into the Copco No. 2 bypass reach
occurs, additional augmentation of spawning gravel and monitoring of the condition of spawning gravel
in the Copco would likely be implemented.

3.2.7 Maintenance Practices and Scheduling

PacifiCorp will conduct maintenance on the Copco and Iron Gate facilities in the spring (March —May) to
minimize the release of warmer, surface water when the powerhouses are shut down.

3.2.8 Roads Management

A road inventory study (PacifiCorp, 2004b Section E.3) identified 253 miles (407 kilometers [km]) of
road systems within the road inventory study area (both California and Oregon), and approximately

20 percent (95 km) are on PacifiCorp property. The existing FERC Project boundary contains 48 miles
(77 km) of roadway, of which only 55 percent (42.5 km) is on PacifiCorp land.

PacifiCorp will continue to use best management practices for the maintenance of these roads and
culverts, reducing the potential for impacts to water quality and beneficial uses. Refinement of these best

management practices, including site-specific planning, is ongoing.

3.2.9 Riparian Enhancements

To enhance vegetation resources, PacifiCorp will develop a Vegetation Resources Management Plan
(VRMP) to guide land management practices on PacifiCorp-owned land within the FERC boundary.

For further discussion of the VRMP, refer to PacifiCorp (2004b), Section E.5.
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4.0 OVERVIEW OF KEY WATER QUALITY CONDITIONS AND PROCESSES IN AND AROUND
THE PROJECT AREA

This section describes historical and current water quality conditions in the Klamath River in the vicinity
of the Project.

4.1 AN OVERVIEW OF HISTORICAL WATER QUALITY CONDITIONS IN THE BASIN

Upper Klamath Lake (UKL) has been the subject of intensive scientific investigation dating back to the
1950s. Despite these investigations, no viable solutions have been implemented to remedy the lake’s
hypereutrophic condition. Unless and until these problems are resolved, the impaired quality of the water
flowing from UKL will remain a background condition for the Klamath River, constraining efforts to
improve water quality.

Concerns over the quality of water in the UKL date back to the earliest known contacts with that body of
water. Bortleson and Fretwell (1993) suggest that the lake has probably been naturally eutrophic since
before settlement of the basin by non-Native Americans. During the 20th Century, UKL has become
hypereutrophic.

In 1953, a study was conducted by the state of Oregon et al. (1955) to explain the problems associated
with the Aphanizomenon algae at UKL. The study concluded that the shallow configuration of UKL
provides for rapid decomposition of dead organic material and maintains the lake in almost constant
nutrient circulation. Recirculation of the nutrients released through decomposition occurs rapidly, and this
constant release means the nutrients are regularly available to organisms at both the surface and bottom of
the lake.

In August 1957, Oregon and California entered into the Klamath River Basin Compact. The Klamath
River Basin Commission funded several water quality studies over the following decades. In 1962, the
Commission convened a panel of experts to review the Klamath Basin problems and identify possible
solutions. According to the experts’ findings, chemical treatment of algae, control of algae through
biological means or harvesting, control of the algae through the elimination of the nutrients, or control of
algal populations through artificial reduction of light penetration in the lake were all infeasible.

In 1964, the Oregon State Sanitary Authority (OSSA), after gathering baseline data in efforts to control
basin pollution, issued a report stating, “all of the man-made BOD [biochemical oxygen demand]
loadings in the [Klamath] Basin are quite insignificant when compared to the BOD of naturally occurring
organic materials emitting from the upper Klamath Lake.” After studying the UKL algal blooms around
1967, Dr. A.F. Bartsch, the director of the Federal Water Pollution Control Administration’s
Eutrophication Research Branch, concluded (Klamath County Historical Society, 1967):

It is possible that bottom sediments could supply nutrients in such quantity that the
nuisance algal growths would continue as a major problem in the lake even if all other
nutrient sources were controlled to the maximum practicable degree.

The U.S. Environmental Protection Agency also conducted studies regarding UKL. In the early 1970s, the
agency announced that UKL would be one of seven Oregon lakes studied as part of a national survey in
regard to eutrophication. The EPA planned to include approximately 1,200 lakes across the continental
United States in this survey, which sought to “identify and evaluate water bodies...which have actual or
potential eutrophication problems....” The survey emphasized the role of phosphates in algal growth, and
aimed at assisting state and local governments in determining whether the reduction of excess phosphates
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through additional municipal waste treatment facilities was a viable option in attempting to reduce algal
populations. This “National Eutrophication Survey” sampled 49 lakes in July 1971. UKL was “ranked
third in algal productivity and was one of the six lakes characterized as highly productive.”®

Congress authorized the Army Corps of Engineers (Corps) to investigate potential methods of revitalizing
the UKL area in 1977. Two years later, the Corps recommended more research be conducted (Corps,
1979). While the Corps considered various alternatives, the lake’s characteristics made it unclear whether
any alternative could be implemented without adverse consequences: “The lake is hyper-eutrophic...High
nutrient loadings and associated sedimentation of organic matter have produced an ideal habitat for the
abundant growth of algae, benthic animals, and macrophytes.” In 1982, the Corps issued a second report
(Corps, 1982), which concluded:

...a full scale reversal of the lake’s long-term natural, and ultimately irresistible
eutrophication is simply not feasible given the present limits of applied limnology,
economic means and project priority.

In 1993, U.S. Geological Survey (USGS) scientists produced a report suggesting several explanations for
UKL’s excessive nutrient enrichment (Bortleson and Fretwell, 1993). Among the more likely
explanations, the report suggested, were human activities such as agricultural activities. Natural causes
were deemed less likely to be the source of the trouble, for two reasons: (1) the lake’s water levels had
remained stable over the last 70 years; and, (2) the evidence that human activities produced the excessive
nutrient enrichment was more compelling. Whether natural or human in origin, the impacts to UKL have
been studied for decades without leading to a viable solution to the problem.

In May of 2002, ODEQ established TMDLs for the UKL drainage. The UKL TMDL for nutrient-related
pollution identified controlling total phosphorous loading as the “primary and most practical mechanism
to reduce algal biomass and attain water quality standards for pH and dissolved oxygen.” To alleviate the
lake’s pollution, a reduction by 40 percent of total phosphorous loading was called for, and the UKL
TMDL stated that this reduction could be achieved by restoring wetlands, changing hydrology along the
watercourses flowing into the lake, and reducing phosphorous discharge levels.

4.2 CURRENT CONDITIONS AND PROCESSES AFFECTING WATER QUALITY

Flow and water quality conditions in the Klamath River basin vary dramatically along the approximately
250 river miles from UKL to the estuary at the Pacific Ocean. A wide range of natural and anthropogenic
influences affect water quality throughout the system. Inflows to the system at Link dam originate in
hypereutrophic UKL. Two of the four major reservoirs on the mainstem Klamath River operate as
hydropower peaking facilities. Diversions and return flows for agriculture, as well as municipal and
industrial use, occur in the reach between Link dam and Keno dam. The river receives considerable
inflow from major and minor tributaries between Iron Gate dam and the estuary.

Not only is the Klamath River system complex, it is also unique because water quality generally improves
as water flows from headwaters towards the estuary. In most river systems, water quality is highest at the
source and degrades as water flows downstream. The water quality of UKL often is profoundly impaired
and has deteriorated at an accelerated rate over the last century as a result of anthropogenic activities.

5 “Three Local Lakes Included in EPA Study,” Herald and News, June 4, 1972; J.W. Mullins, R.N. Snelling, D.D. Moden, and

R.G. Seals, “National Eutrophication Survey: Data Acquisition and Laboratory Analysis System for Lake Samples,” EPA-600/4-75-
015, U.S. EPA, Office of Research and Development, Environmental Monitoring and Support Laboratory, November 1975, 1; Peter
D. Dileanis, Steven E. Schwarzbach, Jewel Bennett and others, Detailed Study of Water Quality, Bottom Sediment, and Biota
Associated with Irrigation Drainage in the Klamath Basin, California and Oregon, 1990-92, U.S. Geological Survey Water-Resources
Investigations Report 95-4232 (Sacramento, CA, 1996), 7.
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UKL is now hypereutrophic. A critical feature of hypereutrophic systems is that the eutrophication
processes are typically irreversible. The result is that the quality of the water flowing from UKL is the
“driver” that dictates water quality throughout the system. The influence of UKL’s highly variable and
seasonal discharges of large quantities of algae, nutrients, and organic matter on downstream river reaches
can be dramatic, especially related to algal production and associated effects on dissolved oxygen, pH,
and alkalinity.

It is well documented that nutrient enrichment is a key precursor to algae bloom formation, and algae
blooms are common in waters that receive high loads of nutrients. Paerl (1988) reports that inorganic and
organic nutrient enrichment is integral to stimulating and supporting algae bloom formation, and that
research and management efforts have focused on nutrient loading as the key to bloom formation.
Kennedy and Walker (1990) report that reservoir water quality and algal productivity are controlled to a
large extent by external nutrient loadings, and that the nature of these nutrient inputs reflect watershed
characteristics, especially land use activities. Welch (1992) reports that blue-green algae require high
supply rates of nutrients in order to produce a high biomass. Holdren et al. (2001) report that elevated
nutrients are the key to excessive algae production in reservoirs, and that management for nutrient input
reduction (potentially involving a variety of watershed or basin management activities) is an essential
component of algal control, particularly when inflow nutrient loading is dominated by external (input)
sources. Cooke et al. (2005) report that the principal cause of increased algal biomass is excessive loading
of nutrients and organic matter from external (input) sources, and that the first and most obvious step
towards improving reservoir water quality is to limit, divert, or treat excessive external nutrient loading.

The following six dams are on the Klamath River: Link, Keno, J.C. Boyle, Copco No. 1, Copco No. 2,
and Iron Gate. The dams directly affect how long it takes for water to travel from UKL to the estuary
(except for Copco No. 2 dam, which is a small dam and does not appreciably affect water travel time).
The transit time of waters released from UKL to the estuary (as well as water released from the USBR
reclamation project to the river between UKL and Keno dam) is about 1 to 2 months or more, except
during high winter flow conditions when the transit time may be reduced to as little as 2 weeks. If no
dams were in place, transit time from UKL (Link dam) to the estuary would be about a week during
summer periods and less during winter high flow events. The dams basically slow the travel time in the
upper 65 miles, which allows settlement and processing of impaired quality water from UKL.

UKL is a critical feature for water quality throughout downstream river reaches. Consequently, the
following sections provide a detailed conceptual framework of current water quality conditions of the
Klamath River in Oregon as well as California. The conceptual framework for Klamath River water
quality includes an assessment of available field data, literature, and working knowledge of the basin.
Monitoring data from 2000 to 2004 form the basis for much of the conceptual framework. These publicly
available data are derived from monitoring programs carried out by the USBR, USFWS (Arcata), USGS,
NCRWQCB, PacifiCorp, Klamath Tribes, and other sampling programs. References to flow and water
quality conditions in this document generally refer to this body of literature. The intent of the conceptual
framework is not to assess each short-term deviation or near-field variability, but to provide a
comprehensive conceptual model of the basin.

The following sections are organized by discrete reaches that are defined by existing facilities (e.g.,
reservoirs, river reaches) and physical conditions.

4.2.1 Upper Klamath Lake

Although UKL is upstream of the Project and is not affected by the Project’s operations, and PacifiCorp
does not have control over the level of UKL under the contract with USBR, the lake’s water quality is
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discussed here because of its importance as inflow or “boundary” conditions to water quality within and
downstream of the Project.

UKL is a large (121 mi’), shallow (mean depth about 7.8 feet) lake that is geologically old and classified
as hypereutrophic (highly enriched with nutrients and supporting high abundance of suspended algae)
(Johnson et al. 1985). The lake is subject to wind mixing, and physical or chemical stratification is not
evident. A paleolimnological study by Eilers et al. (2001) revealed that UKL has been a very productive
lake, with high nutrient concentrations and blue-green algae, for at least the period of record represented
by the study (about 1,000 years). However, recent lake sediments showed that the water quality of UKL
has apparently changed substantially over the past several decades. Mobilization of phosphorus from
agriculture and other nonpoint sources (Walker, 2001) appears to have pushed the lake into its current
hypereutrophic state, which includes algal blooms reaching or approaching theoretical maximum
abundance. In addition, algal populations now are strongly dominated by the single blue-green algal
species Aphanizomenon flos-aquae (cyanobacteria) rather than taxa that apparently dominated blooms
before increased nutrient enrichment (Kann, 1998; Eilers et al. 2001).

Low dissolved oxygen and high pH values have been linked to high algal productivity in UKL (Kann and
Walker, 2001; Walker, 2001). Chlorophyll a concentrations exceeding 200 uL are frequently observed in
the summer months (Kann and Smith, 1993). Algal blooms are accompanied by violations of Oregon’s
water quality standards for dissolved oxygen, pH, and free ammonia. Such water quality violations led to
303(d) listing of UKL in 1998 by ODEQ. ODEQ subsequently established TMDLs for UKL in May 2002
(ODEQ, 2002).

4.2.2 Link River

The Link River reach is approximately 1.2 miles in length. The upstream boundary of this reach is

Link River dam (RM 254.6), which regulates the level of UKL. Link River dam releases water to the
Link River, as well as to the East Side and West Side powerhouses and the USBR reclamation project.
There are no known significant outflows or inflows in this reach. The reach extends to the headwaters of
Keno reservoir (Lake Ewauna).

4.2.2.1 Hydrology

Link River is very short and water travels through this reach in a short time—about 1 hour. There are no
major tributaries or withdrawals from the reach proper. The East Side powerhouse returns water on the
river’s left bank about halfway down the reach, and the West Side powerhouse return is just above the
confluence with Lake Ewauna on the right bank. Because of these diversions, releases from Link dam to
the river channel proper may sometimes fall to the required minimum flows of 90 cfs or 250 cfs (as listed
in Table 3.2-2) upstream of the East Side powerhouse. Both powerhouses are run-of-the-river
hydroelectric facilities (versus peaking facilities), and operations at Link River dam are by and large
governed by downstream demands and return flows (e.g., USBR, private agriculture, and wildlife refuges)
and flow requirements below Iron Gate dam.

4.2.2.2 Water Temperature

The quality of water of the Link River reach is dominated by UKL, and thus water temperature conditions
in Link River are similar to those in UKL. Over the course of a year, releases at Link dam range in
temperature from near zero degrees Celsius in winter periods to over 25°C in summer periods. Because
Klamath Lake is shallow, the release temperatures generally reflect variations in local meteorological
conditions. Water temperatures in Link River upstream of the East Side powerhouse may experience
some slight heating or cooling at low flows relative to UKL temperatures.
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4.2.2.3 Nutrients and Algal Production

Levels of nitrogen and phosphorous vary considerably throughout the year in the UKL outflow at Link
River dam, as well as over short periods, primarily in response to primary production. During the late fall
through early spring, short days, limited light, and cold water temperatures result in low levels of primary
production. Although nutrients are available, demand is low. During the warmer periods of the year,
nutrient availability largely varies with the standing crop of phytoplankton in UKL. During bloom
conditions, inorganic nutrient concentrations (e.g., NH, ", NOs", PO,”) may be low, while post-bloom
conditions may result in higher inorganic nutrient concentrations. The organic matter (both living (e.g.,
algae) and dead) represents a considerable nutrient pool. Overall, the nutrient load from UKL is largely
unchanged in the short Link River reach.

Phytoplankton that wash out of UKL pass through this reach in a short time. Benthic forms are limited

to filamentous forms on the channel margins or shallow areas. Light penetration and the variable flow
regime play a potentially critical role in benthic algae production. Seasonally, the appreciable
phytoplankton counts and other particulate matter play a role in light extinction; however, throughout the
year, the color of the water ranges in tint from a light to a strong tea. Light extinction measurements in the
growth season suggest light limitation probably plays a key role in benthic algae production. The variable
flow regime associated with operations of downstream water resource activities also presents a variable
wetted channel that may limit algae growth.

4.2.2.4 Dissolved Gases

Dissolved oxygen conditions in the UKL outflow at Link River dam vary throughout the year. During
winter months when temperatures and primary production are low, the dissolved oxygen levels remain
close to saturation.® During the warmer period of the year, when primary production plays a role, the
diurnal range and short-term variation can be considerable. Dissolved oxygen concentrations range from
less than 2 milligrams per liter (mg/L) to more than 14 mg/L. Because the Link River includes several
riffles, there is the opportunity for natural physical reaeration (mechanical reaeration) to occur within this
reach. The role of algae in this short reach is not well understood. Field data suggest that conditions may
be sufficient for phytoplankton to continue to photosynthesize and respire in portions of this reach, as is
suggested by the larger daily diurnal range at the bottom of the reach than at the top.

4.2.2.5 Alkalinity and pH

Generally, the alkalinity of UKL at Link Dam is between 40 and 60 mg/L. This level of alkalinity
represents a weakly buffered system (EPA, 1987). A weakly buffered system is predisposed to
fluctuations in pH if sufficient primary production occurs (Horne and Goldman, 1994). Elevated pH can
lead to increased toxicity of certain constituents (e.g., ammonia) (Colt et al. 1979; EPA, 1984). Changes
in pH can lead to increased toxicity of certain constituents (e.g., ammonia). pH values range from 7.0 to
8.0 at Link River dam during winter periods, while during periods when significant primary production
occurs pH values typically range from 8.0 to 10.0. Values above 8.5 to 9.0 can lead to ammonia toxicity.
Alkalinity and pH are generally unchanged from the upstream end to the downstream end of this reach.

4.2.2.6 Summary and Relationship of Link River to System Water Quality

Link River is very short and water travels through the reach in a short time. The reach passes material
from UKL to Keno reservoir with little or no change.

6 Saturation dissolved oxygen concentration is the theoretical value where concentration of dissolved oxygen in the water column is in
equilibrium with the partial pressure of oxygen in the atmosphere. It is temperature and elevation dependent (Bowie et al. 1985).

© September 2008 PacifiCorp 401 Application Page 4-5



PacifiCorp
Klamath Hydroelectric Project
FERC No. 2082

4.2.3 Keno Reservoir

Keno reservoir extends from the headwaters of Lake Ewauna (RM 253.4) to Keno dam (RM 233.3). The
impoundment is generally a broad, shallow body of water. The width of the reach ranges from several
hundred to over 1,000 feet, with maximum depths along its length ranging from less than 6 feet to

approximately 20 feet (Eilers, 2005). Municipal, industrial, and agricultural activities are located along
this reach (ODEQ, 1995; USBR, 1992).

Currently, Keno reservoir experiences severe water quality impairment. These impairments include
persistent summer anoxia for several miles of the river. This impairment, although variable, can extend
from the bed to just a few inches below the water surface and from just downstream of Link River to
Keno dam. Although the impacts of anthropogenic inputs are notable, and legacy impacts are present, the
primary source of loadings to this system is UKL.

4.2.3.1 Hydrology

Under the direction of USBR, PacifiCorp maintains Keno reservoir at a near constant elevation during the
irrigation season to facilitate diversions from the river to agricultural uses, and to meet Klamath wildlife
refuge demands. Maintaining a near constant elevation can lead to variable flow conditions in the
Klamath River below Keno dam. Facilities operated by USBR include the Lost River Diversion Channel
(LRDC), North Canal, ADY Canal, and Klamath Straits Drain (KSD). The LRDC has a 3,000-cfs
discharge (to the river) and 600-cfs diversion (from the river) capacity. The North Canal and ADY Canals
have capacities of approximately 200 cfs and 400 cfs, respectively. The KSD is the primary drain for the
Reclamation project and has a capacity of 600 cfs, but typically discharges from 50 to 200 cfs. Winter
discharges from USBR operations typically are small (USBR, 1992).

One of the critical features of this reach is the impoundment of the Klamath River to form Keno reservoir.
The result is a wide, relatively shallow reservoir with a residence time of approximately a week under
typical spring through fall flow rates. A small, but noticeable velocity is generally apparent in the thalweg
of the reservoir (i.e., an unanchored boat will drift downstream), leading to a condition that is similar to a
slow, deep river.

Because water surface elevation of Keno reservoir is kept relatively constant most of the, inflows must be
matched by the outflows. It follows that flows through Keno dam largely mimic those into Keno
reservoir, namely releases from UKL plus the net USBR canal flows into Keno reservoir. A result of such
operations is that the river below Keno may fluctuate to keep Keno reservoir elevation constant.

4.2.3.2 Water Temperature

Keno reservoir does not experience seasonal thermal stratification, but exhibits weak, intermittent
temperature gradients during summer periods. Annual water temperatures range from near zero degrees
Celsius to more than 25°C and are at or near equilibrium temperatures,’ reflecting local meteorological
conditions and the fact that UKL is generally at or near equilibrium. The inputs to the reservoir are
usually small compared to the overall volume (although agricultural return flows can, at times, form a
large percentage of the in-river flows), and are of similar temperature so as to not affect conditions
appreciably. The reservoir freezes in some winters. Water temperatures of reservoir inflows are similar to
water temperatures of reservoir outflows.

7 Equilibrium water temperature is the water temperature for a given set of meteorological conditions (Martin and McCutcheon,
1999). It is somewhat of a theoretical concept because of constantly changing meteorological conditions, but is nonetheless useful
when considering water temperature conditions on a conceptual basis.
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4.2.3.3 Nutrients and Algal Production

Nutrient conditions vary throughout the year in response to inputs from UKL and the role of primary
production. Organic matter is a primary product from UKL to the downstream river reaches. This material
may exist as living material (algae) or dead and decomposing material. Owing to the hypereutrophic
nature of the lake, large quantities of material can be passed downstream—the highest BOD value
recorded at Link Dam is over 50 mg/L. This problem is not recent, as noted by the state of Oregon et al.
(1955), where it is stated that the large nutrient load and oxygen demand cause severe downstream
impacts that are “equivalent to the raw sewage from a population of more than 240,000 persons” but that
“94 percent of BOD is derived from natural causes.” Beyond oxygen demand, organic matter, which may
take on one of several forms (labile, refractory, particulate, and/or dissolved) (Wetzel, 2001), also
contains organic forms of nutrients (N and P). These nutrients are transported downstream and upon
breakdown of the organic matter are released and available for uptake by phytoplankton and benthic algae
in downstream reaches (Elwood et al., 1983). One of the most notable aspects of the reach is the large
amount of inorganic nutrients present during periods of anoxia (e.g., total inorganic nitrogen [nitrate and
ammonia] is in excess of 1 mg/L, and orthophosphate values are in excess of 0.5 mg/L).

The agricultural return flows from the KIP typically have elevated nutrient levels, total dissolved solids,
and BOD. Other agricultural diversions (private) have not been quantified, but the quality is presumably
similar to the KIP return flows. Although the municipal and industrial inputs are small in quantity, they
contribute waters that generally have elevated nutrient, total suspended solids, and BOD loads.

Under anoxic conditions, internal nutrient cycling from the sediments has been identified (Eilers and
Raymond, 2003 and Raymond and Eilers, 2004). Of critical importance in this reach is that when the
entire water column experiences anoxia, processes typically restricted to the bed (such as release of
phosphorous and ammonia bound to organic or inorganic particles) can occur throughout the water
column.

During winter, primary production in Keno reservoir is limited. During spring, when water temperatures
are still cool, diatoms are present. As waters warm and day length increases, Keno reservoir often
experiences an extensive algal standing crop. This standing crop is apparently the result of in-reservoir
internal production, as well as wash-in of algae from UKL. Maximum concentrations of chlorophyll a at
Link River are in excess of 250 pg/L, while concentrations in the Klamath River below Keno dam are
generally well under 100 pg/L. However, at times of severe anoxia the reservoir has limited primary
production, apparently as a result of the lack of available oxygen to meet algal respiratory demands.

Macrophytes grow seasonally in the shallow areas and margins in some reaches of Keno reservoir, and
wetland plants such as cattails and bulrush occupy the shoreline margins throughout much of the
reservoir. The total areal extent of macrophytes, with the exception of marsh areas, is relatively minor
compared to open water areas of the reservoir.

To estimate nutrient retention (reduction) in Keno reservoir, PacifiCorp completed mass balance
estimates on reach inflows and outflows for total nutrients. These analyses are not comprehensive mass
balances accounting for all inflow and outflow within the reach. Rather, these results indicate loads at the
top of the reach and at the bottom of the reach, and internal processes are implicitly included. Figure 4.2-1
shows the differences in total mass of nutrients (nitrogen and phosphorus) at the upstream and
downstream end of Keno reservoir, and indicates that Keno reservoir is a net sink of total nitrogen and
total phosphorous.
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Figure 4.2-1. Annual change in total nitrogen (top plot) and total phosphorous (bottom plot), in metric tons/day,
between Link River above Lake Ewauna and Klamath River below Keno Dam, 2002, 2003, 2004, and 2004-2004
(positive represents increase, negative represents decrease). The 90 percent confidence intervals are represented by
error bars.

Additional information on nutrient conditions in the vicinity of the Project, including in Keno reservoir,
are provided in documents filed in connection with the 401 Application, including the FERC Final
License Application (FLA), Volume 2, Exhibit E—Environmental Report (PacifiCorp 2004b), the Water
Resources Final Technical Report (PacifiCorp 2004¢), and the report titled “Causes and Effects of
Nutrient Conditions in the Upper Klamath River” (PacifiCorp 2006). As identified more than 50 years
ago, Upper Klamath Lake provides a tremendous source of nutrients and organic matter to Keno reservoir
that dramatically impact water quality conditions, particularly dissolved oxygen (Oregon State Sanitary
Authority et al. 1955).

4.2.3.4 Dissolved Gases

Dissolved oxygen conditions vary seasonally in Keno reservoir. Winter conditions result in near
saturation values for dissolved oxygen, while summer and fall values can remain well under saturation
and may be near zero in some reaches for weeks. These conditions consistently occur, to one degree or
another, each year. The source of the depressed dissolved oxygen is largely organic matter influx from
UKL. Review of detailed vertical profiles at multiple sites along the longitudinal axis of the reservoir
suggests that Keno reservoir experiences something akin to an oxygen sag (Tchobanoglous and
Schroeder. 1985) in the vicinity of Miller Island.

One method of conceptualizing this process is to consider organic matter from UKL as a source of
oxygen demand. Considering the reduced width of the Keno reservoir reach compared to UKL, a large
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portion of living algae is restricted to regions below the photic zone. The outcome is reduced vigor.
Coupled with the weak stratification that can occur daily, and the current in Keno reservoir, the influent
algal population from UKL suffers increased mortality. This creates substantial oxygen demand, which
combines with other sources of oxygen demand (in-reservoir phytoplankton mortality; influent from
municipal, industrial, and agricultural sources; nitrogenous biochemical processes; and organic matter in
reservoir sediments) to produce persistent sub-saturation conditions for much of the reservoir during
summer and into fall.

At times of severe anoxia, Keno reservoir is limited in primary production, apparently as a result of the
lack of available oxygen to meet algal respiratory demands, consistent with Peterson (1996). Low
dissolved oxygen concentrations persist well into October and may extend into November. Figure 4.2-2
shows dissolved oxygen isopleths in Keno reservoir for example dates in May, July, and October 2005,
which depict the timing and magnitude of the reservoir’s low dissolved oxygen conditions.

It is common to see some recovery in dissolved oxygen conditions by the time waters reach Keno dam.
This may be due to residence time (e.g., processing time and settling), physical reaeration aided by windy
conditions in the Keno area, primary production, or other factors. Conditions below Keno dam are
generally improved due to reaeration during releases from the dam, where the configuration of radial
gates can act to reaerate releases to some degree, and from natural mechanical aeration in the riverine
environment downstream of the dam. Overall, dissolved oxygen concentrations are highly variable due to
the variability of local conditions (e.g., phytoplankton blooms, meteorological conditions) in and around
UKL.

4.2.3.5 Alkalinity and pH

Alkalinity increases seasonally in this reach in response to anthropogenic inputs. Values range from 50 to
over 100 mg/L. However, at these levels, the system is still considered weakly buffered (EPA, 1987). The
result is that pH values in the reservoir are similar to those at the Link River dam, with values ranging
from 7.0 to 8.0 in winter and between 8.0 and 10.0 in summer. One deviation from this pattern is that
during severe anoxia, pH values may fall to under 7.0 during summer and early fall periods where regions
of low dissolved oxygen persist.

4.2.3.6 Summary and Relationship to System Water Quality

The net effect of Keno reservoir on water temperature is minimal, with inflow temperatures similar to
outflow temperatures. Although dissolved oxygen conditions may be notably depressed within the
impoundment, particularly during summer, conditions at the downstream end of the reservoir are
generally similar to the upstream end. However, in the fall there are periods when dissolved oxygen
conditions immediately below Keno dam are notably lower than in Link River. The overall effect on
BOD and total suspended solids is reduced concentrations below Keno dam as compared to Link River.
Specific conductance and alkalinity both show notable increases in this reach, presumably from the KIP
agricultural return flows. pH is generally similar or higher at Link dam than at Keno dam.

This reservoir reach experiences highly variable, complex water quality conditions in response to
hydrology (including water resources development), meteorology, and impaired water quality from UKL.
The result of extensive temporal and spatial impairment, particularly with regard to low dissolved oxygen
conditions, is a reduced ability to process organic matter and retain nutrients. Further, this impairment
commonly leads to extensive fish die-offs as in 2005 (R. Piaskowski, USBR fish biologist, pers. comm.).
Overall, these findings suggest that this reach is doing little to reduce total nutrient levels in the river
under typical conditions.
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Figure 4.2-2. Dissolved oxygen isopleths (in mg/L) in Keno reservoir on May 3, 2005 (top plot), July 26, 2005
(middle plot), and October 18, 2005 (bottom plot). Data obtained from U.S. Bureau of Reclamation.

4.2.4 Keno Reach—Keno Dam to J.C. Boyle Reservoir

The Keno reach of the Klamath River extends from Keno dam (RM 233.3) to the headwaters of J.C.
Boyle reservoir (RM 228.2).

4.2.4.1 Hydrology

There are no facilities in this reach and there are no appreciable tributaries, diversions, returns, or springs.
A steep bedrock channel dominates the reach as the Klamath River traverses the Cascade Range. During
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the summer, operations associated with the maintenance of a constant water elevation in Keno reservoir
result in variable flows in the reach. Flows can vary by several hundred cubic feet per second over a
period of days or weeks. The residence time varies with flow, but is approximately 5 hours under summer
flow conditions. Mean annual flow below Keno Dam is on the order of 1.12 MAF.

4.2.4.2 Water Temperature

Water temperatures in this reach vary along its length only modestly. The exception is that releases from
Keno dam may experience only a modest diurnal range during warmer periods of the year due to the
depth and volume of water upstream of the dam. However, by the time flows reach the headwaters of
J.C. Boyle reservoir there is a notable diurnal cycle—in response to heat transfer across the air-water
interface. As with other reaches, the thermal conditions of this reach are generally at or near equilibrium
temperature.

4.2.4.3 Nutrients and Algal Production

Examination of field data at Keno dam and just above J.C. Boyle reservoir suggests that a portion of
available ammonia converts to nitrate in route to J.C. Boyle reservoir, and that total inorganic nitrogen
increases. This increase may be due to organic matter from Keno reservoir converting to inorganic
nitrogen in this reach, resulting in a net increase. However, overall total nitrogen is almost unchanged in
the reach. As with total inorganic nitrogen, inorganic phosphorous, as represented by orthophosphate, is
slightly higher at the downstream end of the reach. Total phosphorous is similar at the top and bottom of
this reach. Total organic carbon was also examined, and conditions at the top and bottom of this reach
were nearly identical. Figure 4.2-3 shows the differences in total mass of nutrients (nitrogen and
phosphorus) at the upstream and downstream end of Keno reach, and indicates that this reach is doing little
to reduce total nutrient levels in the river under typical conditions.

Diurnal variations in dissolved oxygen concentrations above J.C. Boyle reservoir, as well as periphyton
sampling, suggest that there is some level of primary production occurring in this reach (i.e., producing
diurnal variations in excess of those associated with diurnal temperature fluctuations). However, the high
velocities and variable flows, coupled with relatively high light extinction characteristic, probably limit
attached algae production. Maximum chlorophyll a concentrations in the river above J.C. Boyle reservoir
were approximately two to four times smaller than concentrations at Keno dam.
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Figure 4.2-3. Annual change in total nitrogen (top plot) and total phosphorous (bottom plot), in metric tons/day, in
the Keno reach of the Klamath River between Keno dam and J.C. Boyle reservoir, 2002, 2003, 2004, and 2004-2004
(positive represents increase, negative represents decrease). The 90 percent confidence intervals are represented by
error bars.

4.2.4.4 Dissolved Gasses

Due to the steepness of this reach and the associated natural physical aeration, dissolved oxygen
concentrations generally improve in this reach, approaching equilibrium conditions with the atmosphere.
However, dissolved oxygen concentrations in the river are generally not completely (100 percent)
saturated during the summer period, with values around 7 mg/L. This sub-saturation condition may be
associated with the large organic load from upstream sources in UKL and Keno reservoir. Modest diurnal
variations in dissolved oxygen concentrations above J.C. Boyle reservoir (that are in excess of that
associated with diurnal temperature variations) suggest that there is some primary production occurring in
this reach.

4.2.4.5 Alkalinity and pH
Alkalinity does not appreciably change in this relatively short reach. pH generally shows a seasonal
reduction, with values at the lower end of the reach often less than at Keno dam during the summer.

These lesser values are expected given the high levels of primary production in Keno reservoir inflows to
the reach and the potential for entraining carbon dioxide via natural physical aeration in the reach.
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4.2.4.6 Summary and Relationship to System Water Quality

The available data for the Keno dam to J.C. Boyle reach suggests that many water quality characteristics
do not change appreciably: temperature, total nitrogen, total phosphorus, total organic carbon, alkalinity,
pH, and specific conductance. There are exceptions. Notable changes occur in the inorganic forms of
nitrogen, namely the nitrification of ammonia to nitrate, as well as the reduction in BOD—both of which
would be expected in this relatively steep, free-flowing river reach with minimal inflows or outflows. The
reduction in chlorophyll a is also expected, as viable phytoplankton (principally Aphanizomenon, but
other species as well) washing out of Keno reservoir die or are reduced in vigor in the riverine
environment. Water color and light extinction, coupled with variable flow regime, substrate, and high
velocities also play important roles in this reach, further limiting benthic algae production (Hill, 1996;
Stevenson, 1996; Peterson, 1996; Kirk, 1994).

The ability of river reaches to process organic matter and nutrients is a function of many factors,
including flow volume, flow velocity and travel time, reach morphology, light extinction characteristics,
and water quality of reach inflows (upstream and tributaries) (Kalff, 2002; Wetzel, 2001; Horne and
Goldman, 1994). These factors vary in space and time. Examination of the Keno dam to J.C. Boyle
reservoir reach sheds light on the broader issue concerning the potential for Klamath River reaches to
process organic matter and nutrients. Overall, the reach appears to be providing conditions for oxidation
of organic matter and ammonia (potentially other constituents as well); however, nutrient concentrations
are unchanged or increase within the reach.

4.2.5 J.C.Boyle Reservoir

J.C. Boyle reservoir primarily serves to provide peaking flows for the J.C. Boyle powerhouse

(RM 220.4). This reach extends from the headwaters of the reservoir (the end of the Keno reach at
RM 228.2) to J.C. Boyle dam (RM 224.6). This reservoir has a total storage capacity of approximately
3,500 acre-feet, and the maximum depth is about 40 feet (Eilers, 2005). Spencer Creek is a minor
tributary in this reach, entering near the headwaters of the reservoir.

4.2.5.1 Hydrology

Reservoir residence time ranges from less than half a day to over 2 days, depending on flows through the
reservoir. The annual flow is increased slightly due to watershed contributions, predominately from
Spencer Creek. Due to peaking operations, the water level in J.C. Boyle reservoir is prone to surface
fluctuations of up to 2 feet per day and accumulated fluctuations of up to approximately 6 feet may occur
over the course of several days. Releases to the river from J.C. Boyle dam downstream of the dam are set
at 100 cfs, except during occasional periods in winter or spring when flows in the river are high enough
(greater than about 3,000 cfs) that the reservoir is spilling.

4.2.5.2 Water Temperature

The short residence time, hydropower peaking operations, and modest depth (maximum depth is
approximately 40 feet) of J.C. Boyle reservoir prevent the development of thermal stratification driven by
solar heating of the reservoir. However, a slight temperature gradient is maintained in the reservoir as a
result of the diurnal variation in the temperature of the influent river. Cooler water entering the reservoir
at night tends to flow under the warmer water at the surface of the reservoir, while warmer water flowing
in during the day tends to remain close to the surface. Average inflow temperatures are similar to average
outflow temperatures because the inflow temperatures are at or near equilibrium temperature. The short
residence time also contributes to this condition. As with Keno reservoir, the outflow temperatures exhibit
a reduced diurnal variation due to the deep profile of the reservoir compared to shallow depths in typical
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river reaches. This reduced diurnal variation results in a maximum daily temperature that is lower in the
reservoir’s outflow than inflow.

4.2.5.3 Nutrients and Algal Production

The total nutrient concentrations in the reservoir’s outflowing waters are often similar to those in
inflowing waters. However, data indicate a consistent increase in ammonia in reservoir releases compared
to inflows, particularly in the warmer months of the year. Nitrate concentrations are generally lower in
release waters than reservoir inflows. The result is that inflow and outflow concentrations for total
inorganic nitrogen are often unchanged. Total nitrogen is likewise similar among inflow and outflow, but
there are times when inflow is higher than outflow and vice versa.

Orthophosphate values are quite similar between reservoir inflows and outflows. Total phosphorous is
likewise similar, but there are times when inflow is higher than outflow and vice versa. Total organic
carbon observations, although limited to 2004, suggest that values are equal to or lower in reservoir
releases than in inflows. Figure 4.2-4 shows the differences in total mass of nutrients (nitrogen and
phosphorus) at the upstream and downstream end of J.C. Boyle reservoir, and indicates that J.C. Boyle is
not appreciably retaining (reducing) nutrient levels under typical conditions. This is in contrast to the
larger downstream Copco and Iron Gate reservoirs, which retain (reduce) significant amounts of the
annual load of nutrients that flow into those reservoirs. The lesser retention of nutrients in J.C. Boyle
reservoir in comparison to Copco and Iron Gate reservoirs is attributed to the much shorter hydraulic
retention or residence time in J.C. Boyle reservoir (e.g., on the order of 2 days in J.C. Boyle reservoir
during average summer flow conditions, compared to 32 and 42 days, respectively, in Copco and Iron
Gate reservoirs). Additional information on nutrient conditions in the Project reservoirs, is provided in
documents filed in connection with the 401 Application, including the FERC Final License Application
(FLA), Volume 2, Exhibit E—Environmental Report (PacifiCorp 2004b), the Water Resources Final
Technical Report (PacifiCorp 2004¢), and the report titled “Causes and Effects of Nutrient Conditions in
the Upper Klamath River” (PacifiCorp 2006).

Algal species in mainstem reservoirs show a general succession typical of temperate regions (Kalff, 2002;
Wetzel, 2002; Horn and Goldman, 1994). There is typically a large spring bloom of diatoms and
chrysophytes when water temperatures are cooler (March and April). Dinoflagellates may reach
appreciable numbers in May. Green algae increase to a peak in July, and Cyanophytes and cryptophytes
typically reach their annual maxima in August. Average phytoplankton biovolume and chlorophyll a
concentrations in J.C. Boyle reservoir are consistent with this pattern. Values are typically high in March,
decrease in April into June, and increase to a peak in August. Biovolume and chlorophyll a values
typically decrease considerably in September but might show a modest rebound in October and then
decrease with the onset of cold temperatures and decreased light. These patterns and levels of primary
production vary from year to year, with meteorological conditions, hydrology, and upstream water quality
conditions playing important roles in the species timing, magnitude, and persistence, and in the duration
of standing crop.

The short residence time produces a noticeable current in the reservoir, which is not generally conducive
to phytoplankton populations. However, the reservoir morphology and setting allows primary production
to generally persist from spring through fall. Specifically, there are large shallow areas that do not mix
readily with the center of the reservoir or that create a broad enough cross section to slow velocities
sufficiently to be conducive to algal growth. Generally, algal concentrations as represented by
chlorophyll a are similar to or lower below J.C. Boyle reservoir than upstream of the reservoir, suggesting
that although primary production is present, it is not of the same magnitude as in upstream areas such as
UKL and Keno reservoir.
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Figure 4.2-4. Annual change in total nitrogen (top plot) and total phosphorous (bottom plot), in metric tons/day, in
the inflow versus outflow of J.C. Boyle reservoir, 2002, 2003, 2004, and 2004-2004 (positive represents increase,
negative represents decrease). The 90 percent confidence intervals are represented by error bars.

4.2.5.4 Dissolved Gases

J.C. Boyle reservoir experiences dissolved oxygen concentrations that deviate from saturation—falling to
about 3 mg/L at certain times of the year. The lowest dissolved oxygen levels are restricted to a relatively
small volume of water in the deeper portions of the reservoir. Although primary production occurs in the
reservoir surface waters, the organic matter input from upstream sources appears to be the primary source
of low dissolved oxygen. Dissolved oxygen concentrations in water released from the reservoir are often
similar to inflow concentrations, but there are periods when the released waters have lower concentrations
than reservoir inflows as a result of interflow of cooler water with low dissolved oxygen that enters the
reservoir at night.

4.2.5.5 Alkalinity and pH

These parameters do not appreciably change in this relatively short reservoir reach. pH values are
generally equal to or lower below J.C. Boyle dam than upstream of the reservoir. An exception is that
during summer periods, pH is occasionally higher below J.C. Boyle dam than above J.C. Boyle reservoir.
These occasional high pH levels are expected given that primary production (phytoplankton) in J.C. Boyle
reservoir can occur during these periods.
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4.2.5.6 Summary and Relationship to System Water Quality

J.C. Boyle reservoir is eutrophic because of the large nutrient load from upstream sources and seasonally
warm water temperatures. Inflowing waters are distributed throughout the depth of the reservoir as a
result of the diurnal temperature change in the inflow. This distributes nutrients and organic matter
vertically in the reservoir. Because the reservoir’s hydraulic residence time is short and the photic zone is
restricted to the near-surface waters, a potentially significant portion of the nutrients that flow into the
reservoir pass through the reservoir. There is probably some settling of organic matter, but it is likely
limited by the reservoir’s short hydraulic residence time. This organic material is primarily from upstream
sources (UKL, Keno reservoir). In general, the reservoir is not producing marked reductions or increases
in nutrients or organic matter.

4.2.6 Bypass Reach—1J.C. Boyle Dam to J.C. Boyle Powerhouse

The J.C. Boyle bypass reach extends from J.C. Boyle dam (RM 224.6) to J.C. Boyle powerhouse

(RM 220.4)—a distance of approximately 4 miles. There is a minimum 100 cfs required release from
J.C. Boyle dam to meet instream flow and fish ladder requirements. Large inflows enter the bypass reach
through a series of springs that are distributed over approximately 1 to 2 miles of river.

4.2.6.1 Hydrology

Starting approximately a half-mile downstream of the dam, the first of several large springs enters the
river. Within the next 1% miles or so, the river gains some 220 to 250 cfs of spring input—resulting in a
reach base flow of approximately 320 to 350 cfs. The residence time of this steep reach under non-spill
conditions at J.C. Boyle reservoir is on the order of hours but can be considerably less under large spill
events.

4.2.6.2 Water Temperature

The river immediately downstream of J.C. Boyle dam is similar in quality to the waters of J.C. Boyle
reservoir. However, the springs that enter in this reach have a notable impact on conditions within this
reach down to the J.C. Boyle powerhouse. The springs discharge water at a roughly constant 11°C
temperature year round within much of the bypass reach. As a result of the spring inflows, the river
temperature deviates substantially from equilibrium in summer and winter. During the winter, the springs
provide warmer water to a river that otherwise may be less than 2°C, and in summer they provide cool
water to a river that may exceed 25°C. Flows out of the bypass reach range in temperature from less than
10°C in winter to greater than 15°C in summer. There are periods in the spring and fall when the springs
have little impact on water temperature due to the similarity of river and spring temperatures.

PacifiCorp notes that the existing instream flow release of 100 cfs from J.C. Boyle dam (which is also the
proposed flow release in PacifiCorp’s FLA) provides the best balance of preferred water temperature
conditions and available physical habitat for redband/rainbow trout (Oncorhynchus mykiss) in the reach
(PacifiCorp 2004b, 2004e, 2005a, 2005¢). In comments to PacifiCorp’s FLA, ODFW, NMFS, and CDFG
recommended that PacifiCorp release a minimum flow of 640 cfs or 40 percent of inflow, whichever is
more, from the dam into the J.C. Boyle bypass reach. BLM specified a similar flow, except that the
minimum flow threshold would be 470 cfs rather than 640 cfs. The Hoopa Valley Tribe recommended
that PacifiCorp discharge a continuous minimum flow of 500 cfs or 70 percent of inflow to the project,
whichever is greater. Each of these recommendations included a provision for minimum flows to be
reduced to inflows to J.C. Boyle reservoir when inflows drop below the recommended minimum flows.
Technical analyses indicate that these higher instream flows would substantially impair water quality in
the J.C. Boyle bypass reach by degrading the beneficial cooling effects of the 250 cfs of springs that
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discharge into the reach. Modeling by PacifiCorp demonstrates that as bypass release flows are
incrementally increased above 100 cfs, water temperatures in the bypass reach are incrementally warmed
to unsuitable levels (> 21°C), particularly at flow releases of 400 cfs or greater.

Independent water temperature predictions by Bartholow and Heasley (2005) for the J.C. Boyle bypass
reach are similar to those of PacifiCorp as described above—that is, as bypass release flows are
incrementally increased above 100 cfs, water temperatures in the bypass reach are incrementally warmed
as the cooling benefits of the significant groundwater accretions in this reach are progressively
diminished. Bartholow and Heasley’s (2005) estimates suggest that a release from J.C. Boyle dam of

100 cfs retains a much more expansive region of high quality water temperature conditions throughout the
J.C. Boyle bypass reach. In their discussion, Bartholow and Heasley (2005) state that:

“These results should be useful in determining when release temperatures “drown’ the
thermal benefit of the cold water springs located in this segment and either lead to a
thermal barrier at the downstream end of the bypass segment or not offer suitable cold
water refuge throughout the segment.”

4.2.6.3 Nutrients and Algal Production

Nutrient concentrations are generally reduced within this reach by dilution from spring inflows. The ratio
of release from J.C. Boyle dam to spring inflows is approximately 1:2. Comparisons of total nitrogen,
total phosphorous, and total organic carbon concentrations at the top and bottom of the reach indicate that
in almost all instances concentrations are reduced consistently with this ratio, i.e., they are reduced by
approximately two-thirds. There are periods when inorganic forms of nitrogen and phosphorous are equal
or even greater at the bottom of the reach than at the top (particularly nitrate and orthophosphate). This
may result from the conversion of organic matter to inorganic forms and the conversion of ammonia to
nitrate via nitrification.

Estimating concentrations of the spring inflow with a simple mass balance using available field data
suggests that a modest amount of background nutrients occur in the springs (e.g., approximately
0.15 mg/L of PO, and NO3), with only small or zero concentrations of organic forms.

Based on chlorophyll a concentrations at the top and bottom of the reach, it is apparent that release waters
from J.C. Boyle reservoir introduce phytoplankton into the downstream river reach. The general physical
aspects of this reach are not conducive to phytoplankton growth and limit attached algae forms (Wetzel,
2001; Borchardt, 1996; Reynolds and Descy, 1996; Reynolds, 1994). These features include bedrock or
large substrate channel forms; steep, high velocity reaches; and topographic shading. Typical forms of
algae include periphyton and limited filamentous species in the low gradient upper portion of the reach
and on channel margins (Reynolds and Descy, 1996; Reynolds, 1994). The limited range present in the
dissolved oxygen field observations may or may not be indicative of photosynthetic and respiratory
activity associated with primary production. Field monitoring in this reach has suggested that steep,
extensive rapids often result in maintaining the river at or near saturation through natural mechanical
reaeration. However, at times pH at the bottom of this reach is higher than at the top, suggesting that there
is sufficient algal photosynthesis in this weakly buffered system to affect pH.

4.2.6.4 Dissolved Gases
Dissolved oxygen conditions of the spring inputs are apparently at or near saturation. Direct field
measurements are not available because the springs emanate from beneath extensive talus slopes. Large

volume springs with high elevation source water, such as the springs located in the bypass reach, tend to
have relatively rapid transit times (in relation to typical groundwater movement) from source to discharge
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location. Because the source water is at or near saturation and there is little organic matter in the source
water or rock matrix, the spring inputs are presumed to have oxygen levels at or near saturation. There is
a modest diurnal variation in observed dissolved oxygen concentrations above the powerhouse in the
summer. A portion of this may be due to diurnal temperature differences, with the balance the result of
modest levels of primary production.

4.2.6.5 Alkalinity and pH

The spring inflows apparently have a lower alkalinity than the river water—at least seasonally—and
downstream concentrations are generally lower than those below J.C. Boyle dam, i.e., weakly buffered.
pH values are generally similar at the top and bottom of the reach, although the values tend to be
somewhat higher at the bottom than at the top.

4.2.6.6 Summary and Relationship to System Water Quality

This short residence time reach is largely dominated by the spring inflow, with the exception of
occasional periods in winter or spring when river flows are high enough (greater than about 3,000 cf5s)
that J.C. Boyle reservoir is spilling. If the spills are sufficiently large (on the order of 600 to 800 cfs), the
river dominates the spring inputs. The total nitrogen, phosphorous, and organic carbon data suggests that
the principal “process” in this reach is dilution. The physical constraints of high velocity, substrate, and
possibly light (topographic shading and/or color in the upper reaches) limit the ability to support a large
standing crop of attached algae. Other processes in this reach include natural physical reaeration, which
creates sufficient conditions to support oxidation of organic and inorganic nutrient forms (Chapra, 1997).
Thermal conditions within the reach during the summer are well below equilibrium conditions in response
to the large, cold spring inflows.

4.2.7 Peaking Reach—J.C. Bovle Powerhouse to Copco Reservoir

The J.C. Boyle peaking reach extends from J.C. Boyle powerhouse (RM 220.4) to the California border at
RM 209 and beyond to the headwaters of Copco reservoir (RM 203.1). Noteworthy features of the reach
include the powerhouse penstock return and the influence of the bypass reach flows. There are few small
streams entering the reach, the most significant being Shovel Creek, which enters the California portion
of the reach at RM 206.4. Water quality conditions vary considerably from low flow conditions that are
dominated by spring accretions flowing out of the bypass reach, to high flow conditions where
powerhouse releases (equivalent to J.C. Boyle reservoir release water quality) dominate the downstream
water quality.

4.2.7.1 Hydrology

The peaking operations at J.C. Boyle produce a daily flow fluctuation in the reach as flows range from the
baseflow out of the bypass reach (300 to 350 cfs) to about 1,500 cfs (with one-unit peaking) or about
3,000 cfs (with two-unit peaking) during generation. Under low flow conditions (powerplant oft-line), the
reach is dominated by Bypass reach waters. This low flow condition generally occurs during the late
evening hours to the mid-to late-morning, as well as other periods when the powerhouse is off-line.
Peaking operations generally take place from mid- to late-morning to late afternoon and into the evening.

The mean annual flow for the Klamath River below the J.C. Boyle powerhouse (USGS 11510700) is
1.295 MAF (million acre-feet) per year, which is approximately 115 percent of the mean annual flow at
Keno. Residence time through the reach varies depending on flow conditions. During peaking operations
transit time may range from 8 to 10 hours, while under low flow conditions the transit time may be twice
as long.
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4.2.7.2 Water Temperature

Inflow temperatures from the bypass reach and the powerhouse can differ considerably during the
summer and winter periods due to the groundwater inputs from springs in the bypass reach. The two
flows are generally well mixed within a short distance downstream due to the configuration of the
powerhouse discharge and downstream river reach, and the large flow rates associated with peaking
power production. During winter months, the combined flow below the powerhouse is often above
equilibrium temperature due to bypass reach contributions, and waters may cool in the downstream
direction. During summer periods the combined flow is often less than equilibrium and waters may warm
en route to Copco reservoir. During low flow conditions, the water may heat or cool faster because of the
shallow depths, smaller flow volume and increased transit times, i.e., the river approaches or reaches
equilibrium more quickly for smaller flows than for larger flows.

During the warmer periods of the year, the river heats in the downstream direction, with a diurnal range of
over 5°C at times. Water temperatures at the lower end of this reach may be 1°C to 4°C cooler than
releases from J.C. Boyle dam during June through September, indicating not only the impact of the cool
spring inflow on mainstem temperatures, but also the impact of operations and flow timing on the thermal
regime. The peaking operations, combined with constant temperature spring inputs in the bypass reach,
may also impose unique temperature signals on the river above Copco reservoir.

Additional information on water temperature conditions in the J.C. Boyle peaking reach is provided in
Section 5.2.3.

4.2.7.3 Nutrients and Algal Production

Nutrient conditions also respond to variations due to peaking operations. Nitrate concentrations in the
Klamath River above Copco reservoir can increase 30 percent between non-peak and peaking periods.
Ammonia and phosphate also respond to the flow regime, but not as dramatically. Total nitrogen,
phosphorous, and organic carbon are generally lower at the bottom of the J.C. Boyle peaking reach than at
the top. It appears that only modest changes in nutrients occur within the relatively short residence time,
with the exception of reduction via dilution. Phytoplankton generally perform poorly in river conditions,
and increased depths, high velocities, significant light extinction, and boulder/bedrock substrate limit
benthic algae, thus limiting the ability of nutrients to be acquired by aquatic plants.

Conditions within the peaking reach probably lead to only a limited capacity for algal biomass to utilize
available nutrients due to scour, light limitations due to colored water and suspended matter, the inability
of phytoplankton to persist in the riverine environment, and short residence time (Reynolds, 1994;
Stevenson, 1996). Field observations indicate that the standing crop of attached algae is modest, with
some filamentous algae on the channel margins and among partially submerged boulders, and limited
periphyton growth.

Additional information on nutrient and production conditions in the J.C. Boyle peaking reach is provided
in Section 5.2.11.

4.2.7.4 Dissolved Gases

Dissolved oxygen conditions in the peaking reach are variable due to the flow regime (low and high flow
conditions). In the upper portion of this reach, the river is steep and punctuated by several large rapids. In
the vicinity of the California border, the slope of the river lessens but is still steep. Natural physical

reaeration in the larger, more extensive rapids results in dissolved oxygen conditions at or near saturation
(Chapra, 1997; Thomann and Mueller, 1987). However, primary production also plays a role in dissolved
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oxygen during the growing season (Wetzel, 2001). Primary production occurs in this reach, but is modest
for the reasons described above. The diurnal range in dissolved oxygen at the California border is close to
2 mg/L, while above Copco reservoir it can exceed 2 mg/L. These levels, over a daily average, suggest
the system is running under 100 percent saturation during the summer months. This condition may be
associated with the appreciable organic load imparted on the reach from upstream sources.

Additional information on dissolved oxygen conditions in the J.C. Boyle peaking reach is provided in
Section 5.2.1.

4.2.7.5 Alkalinity and pH

Alkalinity concentration does not change dramatically within this reach. The system remains well under
100 mg/L, indicating the system is still weakly buffered (EPA, 1987). Even with modest primary
production the pH in the reach downstream of the powerhouse can range from approximately 8.0 to over
8.7 during the summer. During the late fall through early spring, the pH is generally at or under 8.0.

Additional information on pH conditions in the J.C. Boyle peaking reach is provided in Section 5.2.1.
4.2.7.6 Summary and Relationship to System Water Quality

The J.C. Boyle peaking reach is a highly dynamic reach. Inflows from the bypass reach provide dilution
and reduce overall nutrient concentrations accordingly. Physical reaeration may create an oxidative
environment that allows decay of organic matter and nitrification to proceed. Field data suggest that the
river dissolved oxygen concentrations generally are under saturation during summer periods, a condition
that is presumed to be associated with the organic load from upstream sources. The impact of upstream
agricultural operations can occasionally be observed in the specific conductance above Copco reservoir,
indicating a direct connection between the upper basin and the bottom portion of the peaking reach.

Upstream of Copco reservoir, water temperature and dissolved oxygen are close to equilibrium and

100 percent saturation, respectively. Algae, as represented by chlorophyll a (APHA, 1995), steadily drops
with distance from Keno dam. From spring through summer, on average, total nitrogen concentrations are
some 30 percent lower, total phosphorous drops to a lesser degree, and total organic carbon concentrations
are reduced approximately 30 to 40 percent. These values are close to the dilution ratio of the springs to
total mainstem flows during the summer period.

4.2.8 Copco Reservoir Complex

The Copco reservoir complex includes Copco reservoir and both Copco No. 1 and Copco No. 2 develop-
ments. Because the reach below Copco No. 2 dam is relatively short and transit time is likewise short,
discussion will focus on Copco reservoir. Copco reservoir extends 4.6 miles from Copco dam at

RM 198.6 to the reservoir headwaters at RM 203.2. There are no major tributaries in this reach. The
reservoir has a storage capacity of approximately 40,000 acre-feet and is its maximum depth is
approximately 115 feet (Eilers, 2005).

4.2.8.1 Hydrology

Copco reservoir’s hydraulic residence times range from a few days under winter high flow events to
approximately 2 to 3 weeks under typical summer conditions. Because the reservoir stratifies during the
warmer periods of the year, the deeper waters of the reservoir have a longer residence time than the
intermediate surface waters. Reservoir profiles suggest density dependent interflow or intrusion occurs
within the reservoir, affecting residence time estimations (Fischer et al. 1979; Ford, 1990). Because of
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these density driven flow conditions, the surface waters may have a residence time that is longer than
2 to 3 weeks. These conditions play an important role in water quality response of the reservoir to
upstream fluxes.

4.2.8.2 Water Temperature

The onset of seasonal stratification typically occurs in mid to late March, and the breakdown of
stratification in October. Fall cooling (e.g., cold fronts) acts to cool river flows, which can subsequently
“plunge” to deeper levels in the reservoir and contribute to destratification. The minimum temperatures at
the bottom of this reservoir during mid-summer and early fall are typically in the range of 12°C to 14°C.
This cool pool of water is relatively small (approximate annual minimum is less than 2,000 AF).

During the spring months, the reservoir tends to minimize deviations from seasonal mean temperatures,
i.e., the relatively deep water release moderates short term response in water temperature to deviations in
meteorological conditions (“hot” or “cold” spells). During late spring and mid-summer, the reservoir
releases are generally below equilibrium. In the fall, reservoir release temperatures tend to be above
equilibrium temperatures of the Klamath River upstream and downstream due to the seasonal loading
(summer) and large thermal mass of the reservoir. This thermal lag is perceptible in late August and
persists through the fall period, with the maximum deviation from equilibrium of approximately 5°C in
fall. Fall turnover does not immediately ameliorate this condition; rather continued cooling in response to
meteorological conditions and river inflows results in an isothermal condition that is near equilibrium.
Throughout the year, diurnal range of release temperatures is moderated by the volume of the reservoir.
Due to these dynamics of the reservoir and upstream river, release waters are sometimes warmer and
sometimes cooler than the inflowing river.

Additional information on water temperature conditions in Copco reservoir is provided in Section 5.2.3.
4.2.8.3 Nutrients and Algal Production

Copco reservoir acts as an annual net sink for both total nitrogen and total phosphorous (Kann and
Asarian, 2005). Reservoirs can act as traps, reducing organic matter, nutrient, and particulate matter
(Thornton, 1990; Ward and Stanford, 1983). There are periods during the growth season when the
reservoir may act as a source of nutrients; however, careful consideration of upstream fluxes and
residence time are critical. Transit time from UKL at Link dam to Copco reservoir is approximately

10 days and on the order of 2 to 3 days from Keno dam under typical summer flows. Thus, upstream
(UKL and Keno reservoir) algal blooms and die-offs, fish die-offs, severe anoxia and the associated water
quality conditions may reach Copco reservoir in a matter of days. At times, these upstream conditions
produce large quantities of organic matter and can increase the nutrient fluxes into the reservoir
substantially. However, the subsequent impact on Copco reservoir water quality does not occur instantly,
but rather over several days or weeks because of both the duration of the upstream conditions and the
residence time of the reservoir. As a result of this time lag, it is expected that the reservoir will
occasionally experience nutrient fluxes in release waters greater than that in inflowing waters. For
example, following a bloom event in the upper system (UKL, Keno), poor water quality conditions abate
and the level of impairment diminishes, and inflowing waters to Copco begin to improve. Simultaneously,
however, Copco reservoir will still be responding to previous inputs of nutrients and organic matter from
upstream sources.

Algal species in mainstem reservoirs like Copco reservoir show a general succession typical of temperate

regions (Kalff, 2002; Wetzel, 2001; Horn and Goldman, 1994). Typically, a large spring bloom of
diatoms and chrysophytes occurs when water temperatures are cooler (March and April). Dinoflagellates
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may reach appreciable numbers in May. Green algae increase to a peak in July, and Cyanophytes (blue-
green algae) and cryptophyes typically reach their annual maxima in August.

Average phytoplankton biovolume and chlorophyll concentrations in Copco reservoir are consistent with
this pattern. Values are typically high in March, decrease in April into June, and increase to a peak in
August. Biovolume and chlorophyll a values typically decrease considerably in September, but might
show a modest rebound in October and then decrease after the end of the growing season with the onset
of cold temperatures and decreased light. These patterns and levels of primary production are not
consistent from year to year, with meteorological conditions, hydrology, and upstream water quality
conditions playing important roles in the species timing, and magnitude, persistence, and duration of
standing crop.

Under normal conditions, there is an appreciable load of nutrients and organic matter flowing into the
reservoir from the substantial upstream sources of UKL. Under certain conditions, the loads of nutrients
and/or organic matter entering the reservoir from these upstream sources is so high that Copco reservoir
can be overwhelmed—somewhat similar to how UKL discharge conditions overwhelm Keno reservoir
during summer periods. Under such conditions, Copco reservoir can assume characteristics more
consistent with a hypereutrophic system, experiencing large, persistent algae blooms and subsequent
die-offs. These conditions can persist for weeks during the warmer part of the year and contribute to
nuisance algae being present in large numbers.

Nuisance bloom-forming blue-green algae, such as Aphanizomenon and Microcystis, have been observed
to form large blooms in the reservoir during summer. This succession is consistent with other systems
where these species are prevalent, with controlling factors potentially linked to macronutrient (e.g.,
nitrogen) and micronutirent (i.e., iron) limitation. Aphanizomenon is usually the dominant bloom-forming
species, although large blooms of Microcystis have been observed recently, particularly in late summer.
Certain conditions favor Microcystis over Aphanizomenon. For example, an abundance of ammonia gives
a competitive edge to Microcystis. Large populations of Microcystis cannot be created nor sustained by
recycling the relatively small pool of nutrients in the photic zone—a bloom of Microcystis must be
supplied partially by ammonia from another source. This source may be derived from anoxic sediments,
recycling of organic and inorganic material through bacterial processes, or inflow (Horne and Goldman,
1994). Sustained Microcystis blooms in Copco reservoirs are consistent with the potentially elevated
levels of inorganic nitrogen (ammonia) and organic matter in influent waters, particularly if iron is
limiting Aphanizomenon during some summer periods.

Overall, the nutrient processes at work in Copco Reservoir are complex. The fate of inflowing nutrients
(organic and inorganic), subsequent decay of organic forms to inorganic forms, uptake of inorganic
nutrients by algae, the role of nutrient release from sediments (under anoxic conditions), and other
processes may play a role in reservoir processes (Horne and Goldman, 1994, Kalff, 2002; Wetzel, 2001).
Nonetheless, field observations suggest that Copco reservoir water quality responds strongly to variations
in the quantity and quality of the inflow from upstream sources, i.e., UKL.

Additional information on nutrient and production conditions in Copco reservoir is provided in
Section 5.2.11.

4.2.8.4 Dissolved Gases
Dissolved oxygen conditions in Copco reservoir vary seasonally as a result of thermal stratification,
seasonal water temperature variations in inflowing waters, and seasonal nutrient loading and organic

matter from upstream sources. Under purely isothermal conditions, dissolved oxygen concentrations are
generally at or near equilibrium (Wetzel, 2001); however, even small temperature differences can impede
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mixing that can lead to localized anoxia, e.g., in bottom waters (Cole and Hannan, 1990). Under stratified
conditions, seasonal anoxia of bottom waters occurs. The onset of anoxic conditions occurs initially in
bottom waters (typically commencing in May through June), reaching a maximum in July when roughly
the bottom 60 feet of the reservoir can have dissolved oxygen concentrations less than 1.0 mg/L.

The reservoir is productive, leading to dissolved oxygen concentrations in surface waters during the
growth season at, or even above, saturation. Copco reservoir releases from mid-summer through mid-fall
are typically below saturation, with minimum values in late September to early October reflecting the
subsaturated conditions within deeper portions of the reservoir.

Additional information on dissolved oxygen conditions in Copco reservoir is provided in Section 5.2.1.
4.2.8.5 Alkalinity and pH

Alkalinity and pH conditions in Copco reservoir vary seasonally and with depth. Generally, during winter
isothermal conditions the pH ranges from below 7 to about 8. With the onset of thermal stratification, pH
in surface waters can reach levels above 9 units due in large part to primary production in these weakly
buffered waters that are typical of UKL and the Klamath River. When anoxia is present in the lower
portions of the reservoir, it is not uncommon for pH values to fall below 6, even during summer periods.

Alkalinity concentrations generally show a seasonal trend with lower values (e.g., less than 60 mg/L) in
winter periods and slightly higher values (e.g., 70 to 80 mg/L) during summer. The change is presumed to
be partly associated with irrigation water returns to the river from agricultural activities in the upper basin
(the alkalinity of return flows in the upper basin might be on the order of 250 mg/L); however, vertical
variations also occur. These variations may be due to stratification that “traps” lower alkalinity water
below the thermocline.

Additional information on pH conditions in Copco reservoir is provided in Section 5.2.2.
4.2.8.6 Suspended Sediments and Turbidity

Total suspended solids are generally lower below Copco dam than upstream of the reservoir. Owing to
the relatively long residence time of the reservoir, this result is not unexpected.

Additional information on suspended sediments and turbidity conditions in Copco reservoir is provided in
sections 5.2.5 and 5.2.9.

4.2.8.7 Summary and Relationship to System Water Quality

Copco reservoir is the first relatively large, deep reservoir on the Klamath River mainstem below UKL.
As such, it bears the burden of accepting and processing the water quality that is ultimately borne out of
UKL and any agricultural and municipal/industrial return flows. The result of these substantial upstream
loads is a eutrophic reservoir.

Copco reservoir is generally productive during summer months, but can produce large nuisance algal
blooms if the influx of nutrients via the inflow increases in response to upstream conditions (e.g., large
algal blooms, severely impaired water quality conditions from upstream). In general, field data suggest
that Copco Reservoir acts as a net sink for both total nitrogen and phosphorous. The transit time from the
upper basin, the reservoir residence (or transit) time, and stratification in Copco reservoir each play
important roles in this regard. Such basin-scale processes are important to understanding the character of
water quality in Copco reservoir and downstream reaches.
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4.2.9 Tron Gate Reservoir

Iron Gate reservoir reach extends from Iron Gate dam at RM 190.5 to the reservoir’s headwaters at

RM 196.7. Three tributaries enter Iron Gate reservoir: Camp Creek, Jenny Creek, and Fall Creek. Camp
Creek is a small seasonal creek. Jenny Creek occupies a large watershed and historically had appreciable
flows, but to a large extent has been diverted into the Rogue River basin. Fall Creek is a small, but
persistent spring creek, with a portion of the water diverted as a water supply for the city of Yreka. The
reservoir has a storage capacity of approximately 50,000 acre-feet, and a maximum depth of 162 feet
(Eilers, 2005).

Iron Gate reservoir is located approximately 1.5 miles below Copco reservoir, and the two reservoirs
essentially act in series because the Copco No. 2 powerhouse discharges waters directly into Iron Gate
reservoir headwaters. In many ways, Iron Gate reservoir is similar to Copco reservoir in thermal
stratification, dissolved oxygen conditions, and water quality response. However, the implications of
receiving discharge from an upstream reservoir versus a river reach play an important role in this
eutrophic reservoir, as do processes within the reservoir.

4.2.9.1 Hydrology

Iron Gate reservoir’s hydraulic residence times range from a few days under winter high flow events to
approximately 3 to 4 weeks under typical summer conditions. Because the reservoir stratifies during the
warmer periods of the year, the deeper waters of the reservoir have a longer residence time than the
intermediate surface waters. Reservoir profiles suggest density dependent interflow or intrusion occurs
within the reservoir, affecting residence time estimations (Fischer, 1979). Because of these density-driven
flow conditions, the surface waters may have a residence time that is longer than 3 to 4 weeks. These
conditions play an important role in water quality response of the reservoir to upstream fluxes.

The mean annual flow below Iron Gate dam (USGS 11516530) is 1.5 MAF, which is approximately
133 percent of the mean annual flow approximately 43 miles upstream at Keno in Oregon.

4.2.9.2 Water Temperature

The onset of seasonal stratification in Iron Gate reservoir typically occurs in mid to late March, and the
breakdown of stratification in November. Iron Gate reservoir thermal profiles indicate a strong seasonal
thermal stratification. Copco reservoir provides fairly constant temperature inflows to Iron Gate reservoir,
usually representing a general seasonal response but with little or no short term (e.g., daily) temperature
variation. Thus, unlike Copco reservoir that experiences a large range of inflow temperatures in the fall
from the river upstream, Iron Gate reservoir generally experiences fall turnover approximately 3 to

4 weeks after Copco reservoir. This delay in destratification is in response to a fairly stable inflow
temperature from Copco reservoir. The associated contribution of variable temperature inflows to
destratification is thus reduced, and the role of convective cooling plays a more prominent role in fall
destratification of Iron Gate reservoir (Fischer, 1979).

The minimum temperatures at the bottom of Iron Gate reservoir during mid-summer and early fall are
typically in the range of 7°C to 8°C. The bottom waters of Iron Gate reservoir are appreciably cooler than
Copco reservoir owing to the larger size of Iron Gate and the generally stable (short-term) inflow
temperatures from Copco No. 2 powerhouse releases to Iron Gate reservoir. These conditions create a
fairly isolated hypolimnion (approximate annual minimum 5,000 AF) and minimize mixing into the
deeper portions of Iron Gate reservoir. The Iron Gate fish hatchery also draws on this cold water volume.
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During the spring months, Iron Gate reservoir tends to minimize deviations from seasonal mean
temperatures, i.e., the relatively deep water release moderates short term response in water temperature to
deviations in meteorological conditions (“hot” or “cold” spells). During late spring and mid-summer, the
reservoir releases are generally below equilibrium. In the fall, reservoir release temperatures tend to be
above equilibrium temperatures of the downstream Klamath River because of the large mass of the
reservoir (compared to the river). This thermal lag is perceptible in late August and persists through the
fall period.

Fall turnover does not immediately ameliorate this condition. Rather, continued cooling in response to
meteorological conditions and river inflows results in an isothermal condition that is near equilibrium.
Throughout the year, the diurnal range of release temperatures from Iron Gate reservoir is moderated by
the volume of the reservoir. Owing to the mass of Iron Gate and Copco reservoirs (and the resulting
thermal lag effect), release waters from Iron Gate dam are sometimes warmer and sometimes cooler than
the inflows from the Copco No. 2 powerhouse. However, temperatures below Iron Gate dam are mostly
cooler than the inflows from the Copco No. 2 powerhouse because of contributions from deeper cooler
waters in Iron Gate reservoir.

Additional information on water temperature conditions in Iron Gate reservoir is provided in
Section 5.2.3.

4.2.9.3 Nutrients and Algal Production

Iron Gate reservoir is eutrophic largely due to nutrient inputs (organic and inorganic) from upstream
sources; tributary inputs are insignificant in comparison to Klamath River inflows. Iron Gate reservoir
acts as an annual net sink for both total nitrogen and total phosphorous (Kann and Asarian, 2005).
Reservoirs can act as traps, reducing organic matter, nutrient, and particulate matter (Thornton, 1990;
Ward and Stanford, 1983). There are periods during the year when the reservoir may act as a source of
nutrients. However, as with Copco reservoir, careful consideration of upstream fluxes and residence time
are critical. At times, these upstream conditions may produce large quantities of organic matter and can
increase the nutrient fluxes into Iron Gate reservoir substantially. However, the subsequent impact on Iron
Gate reservoir water quality does not occur instantly, but rather over several days or weeks due to both
the duration of the upstream conditions and the residence time of the reservoir. Because of this time lag, it
is expected that the reservoir will occasionally experience nutrient fluxes in release waters greater than
that in inflowing waters.

Overall, the nutrient processes at work in Iron Gate reservoir are complex. The fate of inflowing nutrients
(organic and inorganic), subsequent decay of organic forms to inorganic forms, uptake of inorganic
nutrients by algae, the role of nutrient release from sediments (under anoxic conditions), and other
processes play a role. Field observations suggest that Iron Gate reservoir water quality responds strongly
to inflow quantity and quality of the inflow. The annual contribution to the reservoir’s nutrient loading
from internal reservoir nutrient cycling is probably not significant, due to the comparatively large
hydraulic and nutrient loads from the river, the complete replacement of reservoir volume during winter
periods, and the reservoir’s persistent stratification during the algae growth season.

Algal species in mainstem reservoirs show a general succession typical of temperate regions (Kalff, 2002;
Wetzel, 2001; Horn and Goldman, 1994). There is typically a large spring bloom of diatoms and
chrysophytes in the when water temperatures are cooler (March and April). Dinoflagellates may reach
appreciable numbers in May. Green algae increase to a peak in July, and Cyanophytes (blue-green algae)
and cryptophytes typically reach their annual maxima in August. Field data suggest that there are
differences in succession of algal species between Copco and Iron Gate reservoirs. These differences have
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not been fully explored: the lag time of nutrients from upstream sources (e.g., UKL), through Copco
reservoir, and into Iron Gate reservoir may contribute to the differences.

Average phytoplankton biovolume and chlorophyll concentrations in Iron Gate reservoir are consistent
with this pattern. Values are typically high in March, decrease in April into June and increase to a peak in
August. Biovolume and chlorophyll a values typically decrease considerably in September, but might
show a modest rebound in October and then decrease after the end of the growing season with the onset
of cold temperatures and decreased light. These patterns and levels of primary production are not
consistent from year to year, with meteorological conditions, hydrology, and upstream water quality
conditions playing important roles in the species timing, and magnitude, persistence, and duration of
standing crop.

Under normal conditions there is an appreciable load of nutrients and organic matter flowing into Iron
Gate reservoir. As with Copco reservoir, under certain conditions, the loads of nutrients and/or organic
matter entering the reservoir from these upstream sources is so high that Iron Gate reservoir can be
overwhelmed—somewhat similar to how UKL discharge conditions overwhelm Keno reservoir during
summer periods. Under such conditions, Iron Gate reservoir can assume characteristics more consistent
with a hypereutrophic system, experiencing large, persistent algae blooms and subsequent die-offs.

Additional information on nutrient and production conditions in Iron Gate reservoir is provided in
Section 5.2.11.

4.2.9.4 Dissolved Gases

Dissolved oxygen conditions in Iron Gate reservoir vary seasonally due to thermal stratification, seasonal
water temperature variations in inflowing waters, and seasonal nutrient loading and organic matter from
upstream sources. Under purely isothermal conditions, dissolved oxygen concentrations are generally at
or near equilibrium (Wetzel, 2001); however, even small temperature differences can impede mixing that
can lead to local anoxia (Cole and Hannan, 1990). Under stratified conditions, seasonal anoxia of bottom
waters occurs. The onset of anoxic conditions occurs initially in bottom waters (typically commencing in
May through June), and reaching a maximum in September wherein roughly the bottom 100 feet of the
reservoir can experience dissolved oxygen concentrations less than 1.0 mg/L.

The reservoir is productive, leading to dissolved oxygen concentrations in surface waters during the
growth season at, or even above, saturation. Iron Gate reservoir releases from mid-summer through mid-
fall are typically below saturation, with minimum values in late September to early October reflecting the
subsaturated conditions within deeper portions of the reservoir.

Additional information on dissolved oxygen conditions in Iron Gate reservoir is provided in Section 5.2.1.
4.2.9.5 Alkalinity and pH

Alkalinity and pH conditions in Iron Gate reservoir vary seasonally and with depth. Generally during
winter isothermal conditions, the pH ranges from below 7 to approximately 8. With the onset of thermal
stratification, pH in surface waters can reach levels above 9 units due in large part to primary production
in these weakly buffered waters that are typical of UKL and the Klamath River. When anoxia is present in
the lower portions of Iron Gate reservoir, it is not uncommon for pH values to fall to 6, even during
summer periods. pH below Iron Gate dam may be elevated during periods of high primary production in
the reservoir.
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Alkalinity concentrations generally show a seasonal trend with lower values (e.g., less than 60 mg/L) in
winter periods and slightly higher values (e.g., 70 to 80 mg/L) during summer. The change is presumed to
be partly associated with irrigation flow returns from upstream agricultural activities (the alkalinity of
return flows in the upper basin might be on the order of 250 mg/L); however,